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SYSTEM 


Not just another lighting fixture but a completely 
new conception that literally converts the entire 
ceiling into a single light source...a new system 
that is ultcramodern in results, yet is priced within 
the means of all. 


Benjamin “Grid-Lite’” Systems bring you these 
outstanding advancements... 


cost less to buy... less to install 


Entire system is pre-wired! Channels “plug-in” one to 
another as simple as toy railroad tracks. No channel 
couplings are needed. Installation is the quickest and 
easiest in history of illumination 


high system efficiency. . . diffused light 


The plus values of light diffusing translucent plastic vanes 
are combined with the high-light output of the new 96" 
T12 Slimline lomps*. 45° lamp shielding prevents ex- 
cessive glore. *A/lw available for 72" amd 48" T12 Slimline lamps 


cuts maintenance time and labor 


No fixtures to take down for servicing. Easy-to-clean 
plastic vanes can be cleaned without removal. 


SEND FOR “GRID-LITE” DATA BULLETIN 
giving complete details and specifications for this 
newest Benjamin lighting system. Benjamin Elec 
tric Mfg. Co., Dept. I, Des Plaines, Il. 
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for 
SCHOOLROOMS 
CHAIN STORES 
SUPER MARKETS 
AUTO DISPLAY ROOMS 
OFFICES, ETC. 
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ONE CATALOG NUMBER 
COVERS COMMON SCHOOLROOM SIZES! 


You can specify a complete, ready-to-install 
“Grid-Lite” System for common schoolroom 
sizes by a single catalog number! No figuring! 
No scaling! No calculating! Everything in one 
package, ready to install! 
Sold Exclusively Through Electrical Distributors 
catalog number 
for 96" 
amp system 
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Costs 
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with Westinghouse MERCURY lighting 


A typical customer’s problem: “To provide high illumination levels at a 
reduced operating cost.” 


Westinghouse recommendation: “To change from incandescent to 
Westinghouse Mercury Lighting.” 


Results: “36 fewer fixtures to maintain; 216 fewer lamps to replace; 4 
total reduction of 44 % in annual operating cost.” 


This is only one case out of hundreds of “time-tested” installations. All 
show evidence that Westinghouse Mercury- Vapor Lighting is a fast-growing 
industry favorite. Investigate the complete line: 400, 1000 and 3000-watt 
units for either low or high-bay areas . . . open or closed fixtures for clean 
or dirty locations... high or low-voltage ballasts for any distribution system. 
Send for B-4727, “Westinghouse Lighting at Work” in every industrial area. 
Westinghouse Electric Corporation, P. O. Box 868, Pittsburgh 30, Penna. 


Westinghouse — 


LIGHTING DIVISION 


Edgewater Park, Cleveland 


J-04293 
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| a Smiles 


JOB. Emerson Rug Company, Worcester Turnp: ke, Natick, Moss. 


Sh 
FIXTURES. General Lighting, Litecontro! No 5938 3-lomp recessed slimline fixtures 
i with No 9015 Holophane ® Low Brightness Lenses Show Window, No R-150 
recessed downlites, with 150 watt R-40 reflector spot lomps. Beneath marquee 
A, > sidewolk BFH re ed 150 wott lens boxer, using Holophane No. 748 
widespread lenses 


CENING HEIGHT. 10° -0 
SPACING: Il - 0" on centers 
WATTS PER SQ FOOT 


AVERAGE INTENSITY 
LIGHTING ENGINEER 


with Lighting by LITECONTROL enero 


50 footcondies in service 
C. A. Russell, Boston Edison Co 


From the street, this showroom 
beckons a cheery “Welcome... come 
in!” 


Once inside its Lighting by Litecon- 


standard LITECONTROL fixtures en- 

courage sales while saving money. 
On your next lighting problem, 

you'll do well to remember that a 


LITECONTROL consultation may very 
well help you do a better job of put- 
ting the right fixture in the right place 
for the right light . . . for /ess money. 


trol, famed for restful non-glare low 


anensneeonaistnsitilla iidosennenpesintis 
LITECONTROL 3f2twr6cs 


KEEP UPKEEP DOWN 


brightness, says, ‘Stay, look around, 
visit in comfort.” 

A complete job by LireconTtroL 
from front to back, this installation is 
another of the many hundreds where 

LITECONTROL CORPORATION, 36 Pleasont Street, Watertown 72, Massachusetts 


CESIGNERS. ENGINEERS AND MANUFACTURERS OF FLUORESCENT LIGHTING EQUIPMENT DISTRIBUTED ONLY THROUGH ACCREDITED WHOLESALERS 
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The revolutionary CURTIS LIGHT AND 
SOUND CONDITIONING SYSTEM 
offers an entirely new concept of 
lighting. The Curtis System provides \ 
recommended levels of quality illumi- 
tion with acoustical treatment which 
excessive sound reflections 
q@mnoyance and distractions \ 
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Write Dept. I 41-05 for information about the Curtis Light 
and Sound Conditioning System’s unlimited applications. 


LIGHTING, INC. 
6135 WEST 65TH STREET, CHICAGO 38, ILLINOIS 
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President's Annual Address 


O A GREAT EXTENT the accomplishments 
of the Society through a 
period of years under the direction of sue 


are dey eloped 


ceeding administrations, all of whom should re 


credit A summary of all 
the 


Manwaring 


their share of 
the 


ceive 
year is given in 


Mr 


and I will not reiterate them, but only give a few 


activities during past 


General Secretary’s report by 
comments. Although some of the committees have 
had handicaps to meet, they have in general done 
an outstanding job in contributing technical in 
formation and in solving the operating problems 
of the Society. As in past years, the President 
again assigned the responsibility of following the 
technical committee activities to the Senior Vice 
President and local activities to the Junior Vice 
President. These 
admirable manner by Messrs. Hibben and Strong. 


have been handled in a very 


respectively. 

In my remarks at the Pasadena Conference, I 
which I thought 
The 
these referred to the high number of resignations 
Although this year 


(667) of 


commented on several matters 


needed some special attention first one of 
from our membership rolls 
the resignations were reduced to 80% 
those last 
they were far too high for the stabilization of our 


year, student members not ineluded, 


Since a great majority of these were Asso 
that 


group 


ciate members, it was concluded a study 
should be made of our membership classifications 
Hence early in the year, a newly organized task 


asked to 
In their report the committee 


committee on Advance Planning was 
make this study. 
recommended the establishment of a new grade of 
membership known as a Junior Member 


would come between our Student and Associate 


which 
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By WALTER STURROCK 


President 


membership classifications. Action on its adop- 
tion, however, was deferred until a further ree- 
ommendation could be obtained from the Commit- 
tee on Professional Requisites which is making a 
of our overall membership classifications 
that 


study 
and their relation to of other engineering 
societies 

The second item of a year ago referred to the 
work of the for De 


whose activities are so timely that I would 


“Coordinating Committee 


ional 
like to say more about them. It is a recognized 
fact that hostile hazards are with us all the time 
and, since some of the problems of defense take 


a long time to solve, a great deal is gained by 


Inasmuch as ade- 


and light- 


planning through the years 
quate and proper applications of light 
ing are a part of many of these problems, Presi 
dent 1948 appointed a Coordinating 
Committee for Defense. At that 
there were no appropriations adequate to staff a 
facilitate night 


Staud in 


National time 


Project on lighting to 
fighting. The 
accepted this assignment with neither means nor 


Research 


coordinating committee, however, 


personnel to find its solution. After some study a 
research committee was organized under the chair 
manship of Dr. Bach of Tulane University who was 
greatly interested in the project. It was not, how 


ever, until a few months ago that funds were made 


available for Dr. Bach’s committee project. De 
tailed plans had long since been prepared but their 
The 
therefore approved the project and work is under 
The 


three years ago was extremely timely and our co 


execution delayed corps of engineers has 


way forethought in starting this activity 


ordinating committee is to be commended for its 
untiring efforts during this period. I should also 
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on that through its contacts with Government 
Agencies the coordinating committee early 
he value of holding the 1951 National 
Conference in Washington 
\nother comment from a year ago referred to 
financial situation of our Society. I hardly 
dl to mention that rising costs and expanded 
es during the past few vears have consid 
expenses As time 


affected our annual 


on the situation appeared increasingly 


The Task Committee on Advance Plan 


ng to which I 


referred above was therefore 


isked to study the overall operation of the So 
ety, its programs, publication activities, and its 
al structure with a view of its immediate 
long-range objectives In some respects this 
as an emergency assignment and the committee 
vas urged to make a progress report at the De 
ember Council meeting. In its report, the Task 
Committee recommended that in order for the 
Society to continue to serve its members as it had 
the past and to build a reserve fund for security 
purposes, there seemed to be no course of proce 
lure other than an increase in the annual mem 
bership dues. After careful consideration by the 
Council, the reeommended increase in dues, to be 


ve on October Ist of this year, was ap 
“l for submission to the entire membership, 
their approval for the 


of the Constitu 


< ibsequently 


hanges in Article IV, 


rave 

essary 

cipated that the increase in dues will 

ast $10,000 in additional annual funds 

it is understood, will, insofar as needed, be 

balance the 
sufficient 


annual operating budget in 


amount will be ineluded to 
i minimum reserve fund to at least meet 
aw requirements of Article VII of our 
onstitution. If any money is available beyond 


required to meet the foregoing needs, it 
1 be suggested that the first two of the 


recommendations be considered 


Recommendation No. 1 — That the LES. become 
1 regular contributor of at least $1000 per year 
the LES 


tion is made be 


Research Fund. This recommenda 


cause it is believed that the most 
important activities of the Society are those deal 


ing with research which (1) extends the know! 


edge in light and lighting applications and (2 


uncovers additional fundamental facts related to 


light, vision and seeing. Several technical com- 


mittees are continuously involved in light and 


lighting application research projects because 
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they are objective in nature and can be put into 
On the 
other hand, previous to establishment of the LE.S. 


practice as soon as results are obtained. 


Research Fund, fundamental research in an or- 
ganized manner was neglected because, in general, 
it deals with more complex problems, some of 
which have little or no bearing on current light- 
ing applications. The I.E.S. Research Fund has 
now been active for seven years and, although it 
receives its financial support principally from 
manufacturers and utilities in the lighting busi- 
ness, the Society made the first grant to it. As 
an expression of interest in the support of funda- 
mental research, it is therefore recommended that 
at the earliest possible time the Society establish 
a plan for making an annual token grant to the 


fund 


Recommendation No. 2— That each vear an esti- 
mated amount of money be set aside so that the 
accrual over a three-year period will be sufficient 
to finanee the publication and distribution of an 
up-to-date membership roster. There are many 
changes in our membership each year and even 
though the demand has been high for an up-to- 
date list, a period of nearly six years has just 
passed without it because there was no plan for 
handling the cost. A few weeks ago a new roster 


replaced the 1945 issue. This 1951 roster is avail- 


able at $2.00 per copy and the proceeds from its 
The adoption of the above 


sale will offset its cost 
recommendation will establish a program for 
revising the list at three-year intervals and for 
distributing it without charge to the membership 
It is believed that this should have early consid- 
eration so that the next revised list will be made 
available in 1954 

I would now like to call your attention to a 
few matters concerning our Sections and Chap- 
ters. We have 29 Sections and 22 Chapters; the 
29th Section was approved in June of this year 
The Constitution permits a Chapter to become a 
Section at any time after three vears of satisfac- 
tory operation providing its membership is not 
less than 50. At the present time the smaller 
sections often experience difficulty in annually 
getting a new set of officers and a Board of Man- 
agers because in many instances there are not a 
sufficient number of well-qualified men available 


to serve 


Recommendation No. 3— In order to strengthen 
the organization of future Sections it would be 
recommended that in granting the charter the 
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minimum membership requirement be made 100 
instead of the present 50, and that the approved 
organization of a Section consist of a Chairman, 
a Vice-Chairman, a Secretary and a Board of 
Managers having four members. Furthermore, I 
would emphasize and endorse Mr. Goddard’s ree- 
ommendation of a that the Board of 


Managers remain in office for a term of two years, 


year ago 
half being elected each year 

Among other things, each Section has one re 
sponsibility which appears to be often impractical 
for them to exercise, namely, that of serving on 
the National Board of Nominations. For example, 
those present at the annual meeting of this Board 
last February included direct representation from 
only 12 of the 28 Sections. Fourteen Sections were 
represented by proxies and 2 had no representa 
tion. Many years ago when the organization of 
the 
Constitution, there were only a few Sections and 


soard of Nominations was prescribed in our 


the Chairman of each was a member of Council 
It was therefore quite convenient for the Section 
Chairman to attend the Committee 
meeting which was usually held at the time of a 


Nominating 


Council meeting. For the past eleven years the 
various regions of the country have been repre 


sented on the Council by the nine regional vice 


presidents and it is believed that if they served on 


the Board of Nominations, they as a group with 
three Past the 


entire membership of the Society 


Presidents, would well represent 


Recommendation No. 4 It would be recom 
order to have a more practical 
the National Board of 
tions that Section 1, Article VI of the Constitu 
tion Vice 


Presidents, or proxies named by them, preferably 


mended that in 
organization of Nomina- 


be changed to include the Regional 
from their respective regions and reference to in 
dividual Section representation be deleted. 

The number of Chapters throughout the coun- 
try has increased rapidly and several new ones 
are new in the process of development. It is very 
gratifying to learn about these local groups and 
the interest they are taking in the Society’s ac 
tivities. During the past year, a new Chapter was 
started in an entirely new area, that of Mexico 
City, Mexico. From the beginning of this newly 
formed group there has been considerable discus- 
sion about a special reduction in annual dues to 
partly compensate for the low exchange value of 
their money. The Council fully recognizes the 
situation but at present does not favor a reduction 
such action would still leave 


in dues, because 
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much to be desired for the satisfactory operation 
of the Chapter. Mexico is not an English-speaking 
country and, therefore, all the publications of our 
Society as sent there are considerably depreciated 
in value. This general situation exists in all the 
non-English speaking countries in the Western 
Hemisphere, with whom we have already given 
considerable thought for a closer association. In 
that 


group of 


any of these countries, it is believed with 


our general guidance a small active 
lighting engineers could organize their own Llu 
minating Engineering Society with nominal dues 
to meet their expenses and thereby attract for 
membership a large group of utility representa- 
tives, consulting engineers, architects, eve special- 
ists and others. Such a group could hold one or 
more memberships in our Society in order to re 
ceive and maintain a library of our publications 
their they 


could no doubt finance the publication in their 


Moreover, as membership expands, 
own language, of a great deal of material which 


we could release to them 


Recommendation No. 5—- That we discontinue to 
grant charters for the organization of Chapters 
of our Society in non-English speaking countries, 
but encourage them, with all the assistance pos 
sible, to organize their own independent group 

mentioned that the retirement 


ago, I 


A year 
pension plan for our Headquarters’ staff would 


continue to get close attention. I am glad to 
report that a proposed plan was presented at the 
October meeting of Council and was adopted to 
be effective as of October 1, 1950. This retirement 


plan was prepared by Marsh and McLennan In 
surance Agents in New York, in cooperation with 
our General Secretary and Finance Committee. I 
should also mention that as of January 1 of this 
year our Headquarters became eligible and were 
immediately included in the Social Security Plan 
which will provide further funds for their years 
of retirement. 

The foregoing refers to only a few of the many 
problems and activities of the Society which, in 
general, are carried on for a period of years. | 
have deeply appreciated the opportunity and re- 
sponsibility you have given me to direct them 
during the past year. I want to thank the various 
committees, the staff, the 
Council for their full cooperation in carrying on 


Headquarters’ and 
our work, the results of which contribute a great 
better the 


human energy and the economic welfare of our 


deal toward living, conservation of 


country. 


President’s Annual Address—Sturrock 





Some Current Goals for |.E.S. 


OR more than 40 years my business life has 
been contemporaneous with that of the Lllu 
minating Engineering fSociety. It can be 
truthfully said that the science and art of illumina 
tion found its expanding youth and the beginning 
of its mature career in this same half-century 
[ became a member of the I.E.S. some three 
years after its birth and happily it has been my 
privilege to know personally every President; to 
nelude among my friends the majority of the 
membership, and to respect each sincere aim and 
every inspired service of both individuals and 
ees of this great fraternity 
seen the membership grow from a few 
he current roster of some 5.200 Associate 
and more than 1,700 full Members; I 
have watched the 


annual consumption in this 


country of electric power for lighting grow during 
the lifetime of this Society from two billion kwh 
to one hundred billion kwh annually. I have seen 
ecommended illumination levels increase from the 
early one or two footeandles (the first industrial 
lighting code) to the accepted justifiable figures of 


f 


today which range from 30 to some 50 footcandles 


for ordinary visual tasks and to ten times this in 
tensity for the more difficult tasks. I have watched 
the customer’s lighting dollar purchase for him 
some fifty-fold its lighting value of 1907. But 
these are transient values milestones not ter 
mini on the long road to pe rfection! 

Because of the dedication of my life’s major 
work to the advancement of the cause of producing 
and applying radiant energy, and because of my) 


personal pride in our lighting progress, and in 


ome Current Goals for T.ES 


Hibben 


By S. G. HIBBEN 
President-Elect 


being numbered among this host of inspired Soci- 
ety Members, may I be forgiven, or at least heark 
ened to sympathetically, if I briefly outline some 
of the approaches to—or the methods of attain 
ment to— some of the goals that seem currently 
desirable ? 

] It would seem that our present membership 
does not include many groups that would profit 
from our available services, nor individuals 
who would benefit themselves and their clients 
through a fuller understanding of vision and 
of the better and best practices of lighting. It 
appears reasonable to look towards a total 
membership of some 10,000 individuals 

One way to facilitate our growth is to estab 

lish more Chapters, i.e. provide more centers 
where lighting activities will be able to induce 
membership and hold members together. There 
are far too many bare spots where we have no 

Chapters and no local activities and conse 

quently very few individual members. I would 
urge Council to study every reasonable means 
to encourage student membership among the 
undergraduates of approved colleges and in 
line with our global policies to consider some 
reasonable expansion of our membership out- 
side of continental North America through an 
easement of the penalty brought about by our 
present differences of exchange between Amer- 
ican dollars and the foreign currencies 

We should search for some means to cement 
a closer bond with electrical contractors, since 
they are responsible for so much of the “bread- 
and-butter” lighting practice 

I urge a wider base for Sustaining Member- 
ships. In the last three years, Sustaining 
Membership income has increased only some 
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$400. The number of Sustaining Members has 
been static for several years, this in spite of the 
continuing rapid growth of lighting business 
and kilowatt-hour sales. In brief, our Sustain- 
ing Membership activities must be vigorously 
continued, perhaps guided by a formula that 
places this cooperation fairly among all oper- 
ating utility companies in proportion to their 
number of meters or their adjusted volume of 
business, or which (even if a reasonable frac- 
tion of those profiting from our Society would 
contribute mildly to its operation), should re- 
sult in an annual income of some $75,000 or 
on the order of double the present sum! 

We should gradually build and strengthen 
a dollar reserve in quickly negotiable condi- 
tion as a guarantee to protect pensions, to 
insure the continuation of research projects 
and to carry on the dissemination of know] 
edge through possible lean business years. 

High on the list in liquidating a heavy in 
vestment in printed material, is to energize 
rapidly and widely the sale of the new L.E.S 
Handbook 
that is of no value until it is in the hands of 


This is a weapon against darkness 


the owner or user. 

Organization-wise I feel that the Headquar- 
ters setup and staff is satisfactory in fact, 
one in which we can take great pride. The new 
Headquarters and the better facilities should 
carry us along for quite a few years to come, 
and we may expect 1860 Broadway, New York 
to be our home address until such a time as we 
may eventually move into the electrical indus. 
try’s own Headquarters building, should that 
dream ever crystallize. We seem to find no 
justifiable reason now to change the date of 
our fiscal year nor to disrupt any of our pres 
ent practices as to our types of Council Meet 
ings, Regional Conferences or Annual Conven 
tions 

I would, however, urge everyone to join 
with our Regional Vice Presidents in strength 
ening our Regional Conferences so that a 
higher percentage of our membership can meet 
with and participate in lighting papers and 
discussions, with a minimum amount of travel 
ing expense and time. In this connection and 
for some relief to the Regional Vice Presidents’ 
burdens, it would seem advisable to crystallize 
as soon as possible the geographical limits of 
the two proposed new regions in the United 
States and to later consider the idea of an 
additional Regional Vice President to direct 
operations of all of our I.E.S. activities outside 
This officer 


of the United States and Canada 
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would be our liaison representative on the 


International Commission on Illumination 
C.LE. 
ence. 


Allied with the matter of 


a world-wide group of great influ- 


Regional Con- 
ferences is my recommendation that Council 
also study the feasibility of holding two gen- 
eral Technical Conferences annually, either 
one in the fall and another in the spring or 
else one in the East and one in the West. The 
cumbersome size and volume of papers of a 


single annual Convention is one factor, others 


being the problems of transportation costs for 


delegates, and the load on the Headquarters 
staff. 

The work of our Technical Committees 
seems more vitally important with each pass- 
ing month. However excellent such Committee 
work may be, we must not forget that one 
major objective is to get the material in print 
for widespread distribution Reports of cer- 
tain Committees are especially important just 
now in connection with the defense effort. 
These are the times when production, safety 
and better methods of doing more (all influ 
enced by lighting) are uppermost in the minds 


of the public. Several new lighting study 
projects in Industry seem logical among which 
might be added the operations in the plastic 
industry; in the photochemical processes; in 
the growth and treatment of plants and flora 
in general; perhaps in some of the work of 

our national defense 
These and other business and financial matters 
will, I am sure, receive the most careful considera- 
tion by your officers, always considering the im- 
Run- 


ning unbroken throughout the pattern of the fu- 


portance of acceptance by your membership. 


ture months is the one fundamental obligation to 
provide mankind with better see-abiltiy! No work 
of our Society seems more basically important than 
the continuation and re-emphasis of the studies of 
human vision Keeping in mind our high engi 


neering ethics, we must work for more factual 
knowledge! 

The Society we must serve is personified by an 
individual whom we all know, and whom I choose 
to call Mr. Average Man. He is about 5 feet 814,” 
tall, weighing 155 pounds and he lives to be about 
58 years old. His average occupational age is be- 
tween 35 and 40 years. He sleeps approximately 
one-third of his lifetime, or 19 years and he must 
see well enough during his actual total working 
time of some 20 years so that he may accumulate 
sufficient wealth to enjoy the rest and play of his 


Continued on page 487) 
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UPWARD 


RELATIVE 


Abstracts... 


from the General Technical Sessions of the 
I.E.S. 1951 National Technical Conference 


The Cost of Seeing a Critical Industrial Task 


Willard Allphin 


iis 


PAPER 


is reported on 


the work 
action 
188 of the April 


MINATING ENGINEERING 


arries further previ 


muscle potentials, 
1951 


and applies the mea 


shed on page ssue, 


ent technique to an actual task in industry 


task was the 


forming of a shaped bend in a 
diode The 


had to be seen clearly at 


vhisker’’ for a silicon detector 


0.002" in diameter 


res during the process 


etation of the tension level readings was 


ot slope 


of the curves rather than 


That is, when the subject 


high 


declined 


was re 
illumination 


When 


en working under a 


nsion level slightly 


Mass 


working under low levels of illumination the ten- 
sion level slowly increased 

Plotting the slopes of these curves in terms of the 
slope of the curve representing the relaxed state 
gave the results shown in the accompanying illus- 
tration. An average line has been drawn through 
the points, but the points are too scattered to give 
the average an exact significance. However, in lieu 
of more complete information, it can be predicted 
that illumination of 1200 footeandles could be used 
to advantage in performing the task 

Incidental measurements of production rate car- 
ried on at the same time showed an increase of 17 
per cent in going from 20 to 100 footeandles 
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Figure 1. Slopes of tension 
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slope for relaxed state 
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A Method of Calculating Direct Illumination 


From Linear Sources 


HE PROPOSED method of calculating direct 
illumination from long linear sources such as 
continuous rows of fluorescent luminaires seeks to 
reduce the labor involved in such caleulations and 
This is 


accomplished by precalculating most of the equa- 


at the same time increase their accuracy. 


tion for point by point calculation of illumination 
and basing the precaleulated functions not on a 
prototype, but on the measured 
candlepower distribution of the actual luminaire. 


mathematical 


Preferably the precalculated functions should be 
made part of the photometric data in some form 
similar to Chart 1. They are numerical ratios and 
are used in much the same manner as the common 
For they 
have been named “Los” and “Sol.” Both are given 


trigonometric functions convenience 

in terms of L/S, the ratio of the length of the light 

strip to the distance from the strip to the point 
Los applies to illumination on planes parallel to 


the light strip; sol applies to illumination on planes 


Autho Holophane Company, Newark, Ohio 








Case 2 
1 Ep=-¥( los. + los.) 


Figure 1. Typical example of point by point calculation 
by this method. 
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R. G. McPhail 


perpendicular to the light strip. For longitudinally 
tilted planes, both functions must be used. In every 
case los and sol must be multiplied by 7, the per- 
pendicular candlepower in the direction of the 
point and divided by S, the distance from the point 
to the source. For instance, Fig. 1 shows the for- 
mula for calculating illumination on a point di- 
rectly beneath the source. It will be noted that two 
calculations are used, one for the part of the light 
strip extending to one side of the point, the other 
for the part extending to the other side. 


formulae for calculating illumination on points in 


Similar 





— < 
is*——~— 2000 —15 
Crosswise Distribution 


iv) 
‘4 
Los and Sol 
Chart 1. Los, Sol and crosswise distribution curves for a 


4-lamp, 4-fcot commercial fluorescent luminaire with 
prismatic brightness control both crosswise and length- 
wise. 
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other positions have been devised and are explained 
in the paper. The same formulae can be used for 
approximate calculation of illumination from dis- 
ontinuous rews of incandescent sources and to find 
the quantity of light falling on a strip from a point 
source. Formulae using /os and sol have also been 
devised for finding the quantity of light falling on 
a strip from a linear source 

Los and sol are calculated from the lengthwise 
multiplying 


distribution curves of the fixture by 


the measured candlepower at various angles by a 


series of constants and adding progressively. If 
not available as part of the photometric data, they 
ean be calculated by the installation engineer, If 
photometric data on a particular fixture are un- 
available or inadequate, curves for a similar fixture 
will generally give satisfactory results 

The paper contains a detailed description of the 
method of calculating los and sol and a table of 
los and sol constants. In it will also be found the 
mathematical derivation of all formulae. 


( Abstract of I E NS. 1951 Conte rence Pape r No 16) 
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Fluorescent Lamp Performance on Sequence-Start Ballasts 


PERATION of tw 


ballast having voltage sufficient to start only 


lamps in series [rom a 


starting arrangement 


lamp by a sequence 
ows a saving in ballast weight. loss, size, and 


nto consideration or 


lamp starting characteristics must 


poor lamp per 


ever means a hot-cathode lamp is 


» transitions must take place; first, the 


lamp must be sufficiently ionized to 


onduct eurrent: second, the in potential at 
the cathode, commonly called cathode drop. must 
be decreased from its initial high value to the 
low value attained during normal lamp operation 


rhe sequence-start ballasts are little different 
from the standard ballasts in producing the first 
transition in which a minimum peak voltage is the 


With ballasts the 


usually 


main requirement standard 


second transition takes place in only a 


few cycles on a 60-cycle a-c supply, whereas with 


the sequence start ballasts, because of lower eur 


National Technical Conference 


rent available to the lamps, this transition re- 


quires up to several seconds. Even at the normal 


currents available from standard instant-start 


ballasts, an appreciable amount of damage occurs 
during starting as demonstrated in the well 
known effect of 


lamp life. When the current available to the lamp 


frequent starting in reducing 
during the second transition is low, the cathode 
drop remains high for a longer time and rapid 
cathode disintegration takes place 

Because of the inherent advantages of the se- 
quence start circuits, designers of these ballasts 
should be encouraged to continue its development, 
but ballast specifications should be drawn up to 
It is diffi- 


cult and somewhat impractical to specify ballast 


insure satisfactory lamp performance 


characteristics by speed of lamp starting because 
of large variations between lamps and even be 
tween successive starts of an individual lamp 
The volt-ampere characteristic of a ballast gives 
a direct indication of the current which can be 
supplied to a lamp during its various starting 
Present specifications determine the open 


stages 


ILLUMINATING ENGINEERING 





TABLE I.—Proposed Values of Current and Resistor to 
Determine Acceptable Starting Characteristics of 
Fluorescent-Lamp Ballasts. Ballasts must 
furnish the stated minimum current to 
the specified resistor at 90 per 
cent of rated supply volts. 

Lamp Operating 


Lamp Current 
Size Milliamperes 


Minimum 
Milliamperes 


Test Resistor 
Ohms 


3000 75 


3000 90 
3000 
000 
000 


00 


circuit voltage which is one point on this char 
acteristic, and, one additional point would fairly 
well define it. A very practical choice of this 
point is the voltage and current supplied to a re 
sistor chosen to represent the lamp impedance 
when the cathode drop is at its highest value 
Examination of life test data, as shown in Fig. 1, 
and analysis of lamp starting characteristics on 
lead-lag ballasts confirms that use of the current 
and resistor values of Table I would form an ac- 


ceptable basis for ballast specification. The volt- 


Modern Concepts 
Of Lighting Maintenance 


t i-wn THREE most important factors in light 
ing maintenance are: lamp blackening, dust 
accumulation on lamps and fixtures, and lack of 
planned maintenance schedules. The consumer can 
do little about the first two factors, but the other 
is his problem 

Lack of consumer interest in proper maintenance 
is largely the fault of the lighting industry in not 
providing specific information which can be easily 


and profitably applied with reasonable accuracy to 


Champion Lamp Works, Lynn, Mass 
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Figure 1. Life of the 48T12 and 96T12 lamps vs the cur- 


rent supplied by the ballast to resistors of 2750 and 4000 
ohms respectively. 


amperes available from a sequence start ballast 
will change depending upon whether the other 
lamp position is open-circuited or loaded with a 
lamp. It is intended that the currents listed in 
Table I shall be furnished both with and without a 
lamp in the other position The suggested values of 
current and resistance will result in ballast sav- 
ings and lower costs of light over conventional 
systems with only a small reduction in lamp life 


(Abstract of I.E.S. 1951 Conference Paper No. 14) 
I 


Fred |. Vorlander 


most any lighting system by non-technical as well 
as by technical personnel 
activities which will 


One of several 


maintenance yet usually result in a profit to the 


simplify 


consumer, is the planned group replacement of 


lamps, wherein tangible profit results from the 
saving in time required to change lamps in groups 
rather than individually. Extensive studies show 
that lamp changing time is reduced from an aver 
age of 20 minutes for individual changes to three 


minutes for group replacements for either inean 
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GROUP REPLACEMENT LABOR SAVING ._ 
~~ Rr A 
OR ADDED LAMP COST -~ a i 


% FALURES AT GROUP REPLACEMENT 


°o 


lescent or fluorescent lamps. Today’s manpower merely checking the horizontal distance between 
rtage makes this a very timely subject the labor saving curve and the lamp cost curve of 
Lack of major interest in group replacement in the applicable chart. It is no longer necessary to 

the past, other than for street lighting, has been guess when lamps should be changed 

due to the lack of specific data sufficiently flexible The intangible values often outweigh the tan- 

and simple as to be easily applied. This new group gible values and they, too, are very important, par- 

replacement plan provides the needed material in ticularly at this time when production efficiency 

the two charts shown. These charts are based on and labor saving are so important. Several of these 


two formulae which provide complete flexibility to intangibles are as follows: Increased illumination, 


the effect of increased illumination, improved light- 


‘ 


ompensate for wide variations in lamp changing 


labor time, labor rates including overhead, lamp ing quality, manpower saving and better mainte- 


net cost and the time when lamps will be changed nance scheduling 


The economic justification can be determined by ( Abstract of I E NS. 1951 Conference Pape r No. 39) 


COST ANALYSIS OF INCANDESCENT GROUP REPLACEMENT VS. INDIVIDUAL REPLACEMENT 


Figure 2. 


GROUP REPLACEMENT LABOR GaviNG ~_ 


OR ADDED Lame cosy -~~ ™ COLLARS PER Lamp 
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Photometric Testing 
By Fluorescent Fixture Manufacturers 


= AUTHOR believes it is common sense and 

common practice for manufacturers to test 
their products during and after processing. Thus 
the food manufacturers provides himself with test 
kitchens. The manufacturer of insulators con- 
ducts breakdown and leakage tests, the paint 
people develop their own weathering tests, and 
so on. How else can they be posted on the quality 
of their products? 

But in the lighting equipment field the great 
majority of fixture manufacturers do not have 
facilities to test their products and, hence, are at 
a disadvantage 

It is true that there are available a few—a very 
few—commercial test agencies, and excellent 
ones. However, the agencies are, with respect to 
many fixture manufacturers, located at a distance, 
and in such cases not too well adapted to perform 
running tests during the development of a new 


product, or routine tests on lines regularly pro 


Author: Consulting Engine ighting Products, In 


Park, Illinois 





E. D. Tillson 


duced. It is therefore believed that, in addition to 
these facilities the fixture manufacturer should 
have the means, within his own establishment, to 
check the performance of the things he manufac- 
tures 

One object of the paper is to prove that the 
cash outlay is very moderate, that much of the 
apparatus can be made up by the owner, and that 
the personnel and floor space problems are not as 
serious as they might at first appear. Another 
object of the paper is to show in detail how to go 
about it 

Today it is fundamental to know the candle 
power, flux and brightness distribution, and in 
the case of recessed equipment, temperature rise 

If the manufacturer has the proper test facili 
ties he can determine all the above from models 
Test results, when plotted, 
Addi 


tional models are built and the procedure re 


in the course of a day 
show where the models are to be revised 
Finally the manufacturer is 


peated and so On 


in a position to have his test results checked by 


Figure 1. 
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changeably for a variety of purposes. For exam- 
ple in the plan here outlined, the same galva- 
nometer, costing $60.00, is used to determine 


1. eandlepower distribution, 
2. brightness values, 


reflectance and transmittance, 


4. temperature rise. 


Similarly with the barrier layer cells. voltmeter, 
variac, shunts, ete. In the plan submitted by the 
ene aS a author, all have multiple uses (see Figs. 1 and 2 
With these instruments as a nucleus, it is pos- 
sible for the fixture manufacturer to build his own 
rotator, photometer-head, brightness meter, ete. 
using materials ordinarily available in a fixture 
factory. The paper illustrates these items in a 
general way. Working drawings have been made, 
but due to their size could not be included The 
originals have therefore been deposited with So- 
ciety Headquarters Office and sets of prints are 
available at a nominal price 
In the paper, minimum of equipment and ex- 
pense is stressed. Check tests with laboratories 
having full complements of equipment show 
Figure 2. candlepow er, zonal lumens and efficiencies to be 
in agreement within 3 to 5 per cent 
Sets of seven working drawings in sizes 14% 


and for this purpose fabricates 
22 inches are available from I.E.S. headquar- 


an outside agency 


submits with confidence a finished sample, by 


ters for $1.00 per set. Address requests to Publi- 
cations Office, Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y 

(Abstract of ILE.S. 1951 Conference Paper No. 37) 


and 
onstructed exactly as the item will be marketed 
As opposed to expensive instrument outlay 
there are sat stactory test pro edures whereby a 


few well chosen instruments can be used inter 


Object-Color Changes from Daylight 
To Incandescent Filament Illumination 


By Harry Helson, Deane B. Judd 
and Martha Warren 


of the samples. However, if the observer, after 


TWO identical colored samples are placed in 
having been in an area lighted with daylight qual- 


lor boxes illuminated with light sources hav 
ng different spectral qualities (for example, an ity for a period of time makes a mental note of 
neandescent filament lamp and a source emitting the appearance of the sample and then enters a 
simulated davlight) and the observer momen room lighted with incandescent filament sources 
tarily views first one sample and then the other and after a period of time is again shown the 


onsiderable difference in the appearance sample, the difference in appearance of the sam- 


ple is much less marked; that is, the sample tends 


to appear the same regardless of the light source, 


there is ¢ 


provided the eve is allowed to become adapted 
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to the color quality of the source. This is known 
as color constancy. But the ability of the eye to 
adapt itself to sources having different color 
qualities is not complete. Also, the background 
color has considerable influence. This report pre- 
sents formulae that make it possible to predict the 
color changes that will be perceived as the color 
adapted eye views samples under sources of dif- 
ferent quality. 

To solve this problem six observers were se- 
lected and trained to report in terms of the Mun- 
sell color system the hue, lightness and saturation 


When the ob 


servers became skilled the observations were c¢ar- 


under light from the north sky 


ried on in a light-tight booth illuminated by arti- 
ficial daylight Macbeth 6700K) and 
then under incandescent filament lamps (Source 
A, 2854K), using a black, white, and gray back- 
ground for both sources. The observers’ eves were 


(souree C, 


Floodlights at Work 


HE INCREASING use of floodlighting to per- 

mit twenty-four-hour operation of construction, 
mining, and manufacturing operations, has pare! 
leled the activity in the sports, recreational, and 
building floodlighting field. 

However, there has been little published tech- 
nical data on the subject, and our 1.E.S. Handbook 
is similarly barren on this important subject. This 
paper is intended to highlight some of the wide 
variety of problems encountered, and not an at- 
tempt to cover the whole field and provide the 
answers. 

A very considerable amount of study and inves- 
tigation will be required to set up footeandle inten- 
sity tables, and such tables, if available, would be 
most helpful. It is my hope that this paper will 
stimulate such studies 


Author: Crouse-Hinds Co. of Canada, Ltd., Toronto, Ont 
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allowed to become adapted to the illumination in 
each case. 

The hues and saturations of the samples as esti- 
mated by the observers were compared with the 
hues and saturations calculated for the samples 
according to formulae embodying a simplified 
Young-Helmholtz theory of the adaptation of the 
eye under source A. This theory has predicted 
fairly well the changes in hue in passing from 
artificial daylight to incandescent filament light 
(source C to A). The simplified theory employed 
here does not take into account background ef- 
fects which may be quite large when backgrounds 
of either very high or very low reflectance are 
present. For the background of intermediate re- 
flectance (gray) used in this study the theory 
seems to supply a useful and statistically reliable 
first approximation to the observed data. 
(Abstract of I.E.S. 1951 Conference Paper No. 40) 


F. R. Jeffrey 


Pigure 1. Night construction at Des Joachims. 
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Figure 2. Final mounting of twenty-eight 1500-watt flood- 
lights. 


Light intensities varying from one to ten foot- 
candles have been used for varying types of night 
construction, but authoritative technical data on 
the subject would be most helpful to all concerned 
with such activities 

The problem of floodlighting work areas 1s, of 
course, to place sufficient light where it is wanted, 
with a minimum amount of glare in the worker's 


eyes, and at a minimum cost 


Noise in Gaseous Discharge Lamps 


LUORESCENT lamps as noise sources are of 
interest to the illuminating engineer because 
of their frequent use near radios and because of 
the possibility of controlling their radiation to the 
Radiation from the wiring of the lamp 
Noise 


radiation from the tube itself cannot be prevented 


receiver 


can be suppressed by well known methods 


so easily, and it is desirable to learn the nature 
and source of this noise with a view toward its 


eventual elimination. This paper describes an 
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Construction jobs often require that floodlights 
be moved as work progresses, and repair or emer- 
geney jobs require light, often in a matter of 
minutes. 

Seotch thrift and foresight were both exemplified 
in the two pictures following. The Power House 
and Dam at Des Joachims (pronounced De Swisha) 
on the Ottawa River, north of Ottawa. The Power 
House and Switches were on the down-stream face 
of the dam, and required lighting for night opera- 
tion and emergencies; also, the very large switch- 
ing area on the near bank must be lighted. The 
floodlights were ordered in time so they could be 
used for night construction work 

The switching area, 600° x 322’, will be lighted 
from six towers per side—55° high—using forty- 
four 1000-watt floodlights, which were also used for 
construction floodlighting. The light intensity will 
be approximately 1 footeandle on this area 

“Floodlights at Work” are materially contribut- 
ing to the building of Canada, and I am sure that 
the same holds true in the U.S.A 

Surely this branch of Lighting Industry deserves 
its place in the Technical Journal and the Lighting 
Handbook, and if we each make our contribution, 
there will soon be available a broad background of 
Technical Data on the subject 


(Abstract of ] E S. 795] Confe rence Pape r No 12) 


J. Warren Culp 


investigation of the fundamental mechanisms of 
noise generation in fluorescent lamps. 
Four types of noise are distinguished. These 
are termed reignition noise, hollow-cathode noise, 
anode noise, and starting noise. Reignition noise 
is usually the most conspicuous; it can be seen in 
the oscillogram of Fig. 1 as a large, grassy pulse 
occurring twice in each lamp cycle. This type of 
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noise is generated near the cathode during the 
portion of the cycle when the are is reigniting, 
just after the alternating current has reversed. 
At that time an ion sheath is building up in front 
of the cathode, and it is shown that the radiated 
noise is the result of rapid changes in the space 
charge distribution. The noise consists of a some- 
what irregular oscillation having a 
about 200 ke/seec, 
broadcast band responds to harmonies of the oscil- 


frequency 
and a receiver tuned in the 
lation. 
Hollow-cathode 
which occasionally results from formation of the 


noise is a smooth oscillation 
cathode spot at the location of a cavity in the 
Anode noise consists of a series 
that 


are associated with the characteristic fluctuations 


filament coating. 
of low-frequency pulses (visible in Fig. 1) 


Domina Eberle Spencer Vincent }. Stakutis 


4} el} — 


Figure 1. Output of a receiver with a fluorescent lamp 
operating near the antenna, as displayed on “n oscilloscope. 


in the voltage drop at the anode. These types of 
noise are similarly attributed to space charge 
fluctuations. Starting noise is generated in the are 
which shunts the filament when the discharge is 
first fired; it is a combination of reignition and 


anode noise 


(Abstract of ILE 1951 Conference Paper No. 5) 


Robert W. McKinley 


Howard F. Kingsbury 


Glass Block Fenestration and the Interflection Method 


VAILABLE 
distribution are empirical and provide no con- 


methods of predicting daylight 
venient means for predicting brightness distribu- 
tion throughout the visual surround. Also, most 
previous work has assumed a uniform sky and no 
interflections. Methods developed for calculating 
direct illumination from perfectly diffuse rectangu- 
lar windows are not applicable to most glass block 


panels. 


Hoping to obtain a simple, general method that 
would be applicable to all types of glass block, 


formerly Brown 
Providence R. I Pittsburgh 


University of Connecticut, Storrs, Conn 
University) Brown University, 
Corning Corp., respectively 


Authors 
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Pittsburgh Corning believed it worthwhile to in- 
vestigate the utility of the interflection method for 
this purpose and sponsored a modest research pro- 
gram with this objective at Brown University 

At Brown, integral equations were formulated 
and a solution obtained for a very long room with 
unilateral fenestration. This work makes it pos- 
sible to caleulate the actual distribution of light 
(including interflections) on wall, floor and ceiling 
when the direct component of the distribution is 
known or obtainable from photometric data on a 
particular type of fenestration. 

Using tables developed for very long rooms with 
perfectly diffused 


fenestration, results such as 
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Figure 1. Comparion of distribution of light in a shallow 
with interfiections, without inter- 
flections. 
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Figure 2. The brightness distribution (blondels) in very 
long rooms with various reflectances, and narrow or com 
plete perfectly diffusing windows. The brightness of the 
window is 1000 blondels. One blondel equals 9.290 x 10~-- 
footlamberts. (Above) deep room, & 0.10. (Right) 

shallow room, & 0.50. 
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shown in Fig. 1 may be obtained easily by multi- 
plying fenestration brightness by one factor from 
the proper table. 

The importance of interflections is shown in Fig. 
2. The effect is maximum at the back of the room, 
where interflections may increase the light from 
the ceiling or floor from 144 to 4% times depend- 
ing on room and fenestration proportions. 

To provide a physical check on the mathematical 
analysis, a room model duplicating the conditions 
assumed in setting up the equations was built at 
the Pittsburgh Corning Daylighting Research Cen- 
ter. Using photocells installed in the model and 
connected to a Brown Electronic Recorder, a large 
number of brightness distribution patterns were 
obtained. 

Table I shows how the results of these measure- 
ments compare with the distribution pattern cal- 
culated by the interflection method 

Conclusions.—The principal conclusions of this 
paper are: 

(1) The interflection method can be applied in 
a significant fashion to the design and perform- 
ance of various diffusing fenestrations. 

(2) Performance data obtained by direct mea- 
surement at the Pittsburgh Corning Daylighting 
Research Center in models with diffusing fenestra- 
tions are in agreement with those calculated using 
the interflection method 

Thus, it appears possible to develop an inter- 
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flection method which will permit the illuminating 
engineer to design for daylighting in a scientific 
way. For the interflection method to become a 
ready tool for the illuminating engineer, it will be 
necessary to prepare appropriate application data, 
in tabular or graphic form for the important 
fenestration types, room proportions, and surface 
reflectances 

In this work the cooperation of R. B. Lindsay, 
J. R. Mary 
Brown University’s Physics Department and of 
A. H. Baker, D. D’Eustachio and W. H. Billhartz 
of the PC Daylighting Research Center was most 
helpful. 


O’Connor, James Lee, Sullivan of 


Coefficients of Utilization 
For Luminaires 
With Concentrating Distributions 


used in the 


HE coefficients of 
familiar Lumen Method of calculating interior 


utilization 
illumination are currently being calculated by 
an empirical method that does not fully recognize 
differences in distribution of light flux from the 
luminaire. They are based upon the percentage of 
downward flux in the arbitrary and rather wide 
zone from 0°-40° ; and the method fails to provide 
for any increase in utilization when more than 65 
per cent of the downward flux is in this zone even 
though many modern luminaires have flux ratios 
of over 90 per cent 

Although the Interflection Method appears to 
be more accurate and is applicable to all distribu 
tions, it was not carried to a conclusion that per 
mits using it directly to caleulate coefficients of 
utilization. Another limitation of this method is 
its assumption that the working plane is %4 the 
distance from the floor to the ceiling. This may 
cause considerable error in high bay calculations, 
but the error can be largely eliminated by cal 
culating separately the flux that strikes the work 
plane directly as was done in this paper 
Bloomfield 


Westinghouse FElectri Corp Lamp Division 
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TABLE I.—Per Cent of Light from Each Quarter of 
Perfectly Diffusing Fenestration Wall Incident 
on Ceiling or Floor at Rear of Room.* 
(Reflectance of Ceiling — 0.80) 
(Reflectance of Floor 0.30) 

Deep Room 
(Depth 5 times 


height) 
(k, = 0.1) 


Shallow Room 
(Depth same as 
height) 

(x, = 0.50) 


On Ceiling On Floor On Ceiling On Floor 


2% 32% 14% 27% 


Upper Quarter 1 

Second Quarter 2 27 16 
Third Quarter 30 ‘ 22 
Lower Quarter $4 7 42 
*Backwall perfectly absorbing 


(Abstract of L.EWS. 1951 Conference Pape r No. 21) 


J. R. Jones John J. Neidhart 


To overcome the weaknesses of existing meth- 
ods, the authors are proposing a method of cal- 
culating coefficients of utilization for use in the 
Lumen Method that considers the ultimate dispo- 


1000-WATT CONCENTRATING LUMINAIRE 


ZONAL AL 
LUMENS MULTIPLIER 


3005 1.00 3005 
5580 .72 4020 
3125 $7 1762 
2310 34 765 
1180 16 169 
129 03 
40 - 


PRODUCT 


15369 
97685 


isse9 95 


RATIO = 
15369 


31000° (.635+.01)= 47 





* LAMP LUMENS- 21000 


Figure 1. Calculation of the coefficient of utilization for 
a “J” room. The downward reflected component is .01 for 
30% ceiling and 10% wall reflectances. 
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from every 10° zone. The flux in 


20 


sition of flux 
each 10° zone (0°-10°, 10 
the work plane directly is determined, and to that 
is added the flux that reaches the work plane by 
The ratio of the total flux reach- 


, ete that strikes 


interreflection 
ing the work plane to the lamp lumens is the co 


efficient of utilization. By means of tabulated 


zonal multipliers, for each zone and room shape 
and a series of curves (calculated 


room index 


by the Interflection Method) for each room index 


and ceiling and wall reflectance, the necessary 
aleulations to obtain the coefficients are reduced 
to a rather simple and straightforward process. A 
less curves for the reflected 
omponent Fig. 1 


Although this method of calculating coefficients 


sample calculation 


is shown by 


was developed primarily for direct luminaires, it 
soon became apparent that it was also applicable 
to distributions in which part or all of the light 
was directed upward. An additional table of zonal 


multipliers makes it possible to calculate the per- 
centage flux striking the ceiling direcily, and a 
series of curves enables one to convert this flux 
and that striking the upper walls to a percentage 
reaching the work plane. This percentage when 
added to the percentage of direct and reflected 
flux from the 0-90° zone reaching the work plane 
is the coefficient of utilization. 

In adopting this proposed system, the lighting 
engineer using the Lumen Method does not have 
to change his method of making lighting caleula- 
tions. The time required to calculate a complete 
set of coefficients by this proposed Zonal Method 
is only slightly longer than that required by the 
eurrently used method. Certainly the greater 
accuracy obtained more than justifies the small 
amount of additional work which must be per- 


formed only once for each luminaire 
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Stroboscopic and Flicker Effects from Fluorescent Lamps 


Arthur A. Eastman John H. Campbell 


HE investigation in this paper was prompted 
by what the authors believe to be a general mis- 
conception as to the actual amount of cyclic flicker 
from fluorescent lamps, and its effects. The amount 
of flicker from fluorescent lamps varies with the 
type of operating circuit and with the decay rate 
of the phosphor used. Filament lamps also flicker 
and it can be shown that the flicker and strobo- 
scopic effects from some filament lamps are about 
the same as with some fluorescent lamps. 
Oscilloscope traces of the light from pairs of 
fluorescent lamps were obtained with two photo- 
cells coupled to the oscilloscope through an elec- 
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TABLE I. 


40-w Daylight 


Per Cent 


Circuit Flicker 


584 
24.0 
91 


series reactor preheat start 
preheat start 


Single lamy 
Multiple 
Multiple 
Series two-lamp 


two-lamp split -phase 


twolamp split-phase instant-start 
sequence-start 
Series twolamp sequence start 59.8 


40-watt filament 
60-watt filament 
100-watt filament 
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40-w Standard 
Cool White 
PerCent Flicker 
Flicker Index 


Flicker 
Index 


0.117 
0.046 
0.097 
0.140 


0.125 


447 
15.7 
0.122 41.2 
53.3 
440 


PerCent Flicker 
Flicker Index 
12.2 0.043 
aa 0.027 
5.1 0.009 


0.152 


0.090 
0.167 0.076 
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tronic switch. With one cell receiving the light 
from both lamps, and the other cell in the dark, a 
trace was obtained of the wave forms along with a 
base line. These traces were analyzed with the help 
of two formulas: (1) per cent flicker and (2) 
flicker index. 

Per cent flicker, formula (1) is expressed by the 
equation : 


Max — min 


Per cent Flicke ; 
= om — Max + min 


Per cent flicker is commonly used, but it will not 
differentiate between different wave forms since 
it depends only on maximum and minimum value 
of light. The flicker index formula is proposed as 
being more meaningful in that it gives ratings 
which are in accordance with the flicker response 
of the human eye. 

Fig. 1 shows the derivation of the flicker index 
formula, where A, is the area under the curve 
over the average line, and A, is the total area 
under the curve for one complete cycle 

Table I gives both the per cent flicker and 
flicker index ratings for three colors of fluorescent 
different 
Ratings are also given for three filament lamps 


lamps operated with five circuits 
Comparisons can be made readily, and it is seen 
that differences between circuits may be less than 
differences between colors of lamps on the same 
circuit. It should also be noted that the indexes 
for some fluorescent lamps and circuit are lower 
than the index for the 


The observed stroboscopic effect is in the same 


40-watt filament lamp 


A New Laboratory for Lighting Design 


EVELOPMENTS in light sources, new light 
ing techniques and trends in lighting prac 
tice have brought with them a need for additional, 
more comprehensive tested design data applicable 
to many conditions not covered by the long famil- 
method and 


iar Harrison-Anderson room-index 


utilization data. Results in localized areas and 
on vertical and oblique planes are of growing 
concern, as are varied brightness patterns and 
their effect on comfort and appearance 

To facilitate production of required new infor- 
mation, a unique new laboratory has been created 
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Figure 1. Typical curve of end flicker for a standard cool 
white fluorescent lamp showing method of calculating 
flicker index, F. 


order as the flicker indexes for the various lamps 
and circuits. 

The proposed flicker index should be of value 
in the study of phosphors and in the study of cir- 
However, the flieker 


euit and ballast designs. 


from fluorescent lamps appears to be of only 
academic interest since properly shielded fixtures 
will eliminate direct observation of the lamps. The 
stroboscopic effect is of very little importance in 
the majority of installations, but where it is im- 
portant, the flicker index should be helpful in the 


choice of lamps and circuits. 


(Abstract of I.E.S. 1951 Conference Pape r No. 3) 
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at Nela Park. Flexibility is a keynote. The room 


structure is assembled with quickly-demountable 
steel channel, making possible construction of 
rooms of various sizes and shapes. Room propor- 
tions are readily changed by a movable ceiling, 
which is suspended by wire ropes connected to a 
Ceiling, wall, and floor 


driven winch 


can be changed quickly to any desired pat 


motor 
panels 


tern of color or reflectance, and lighting elements 


— 


T 
| 
" 


pg - Rone wea 

Figure 3. Typical illumination distributions recorded in 
a quadrant of a 12. x 124,’ room of ratio 0.8 with sur 
face reflectances: ceiling, 0.80; wall, 0.40; floor, 0.17 
Sources, 150-watt PAR-38 floods, shielded to 45 degrees, 
operated at about 100 volts. Units centered over quad 
Chart indicates horizontal illumination along cen 


ters of 7,” strips 30” above floor 


rants 
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Figure 1. (Left) The smallest square room of the new 

laboratory (1242 feet x 121, feet) with maximum ceiling 

height of 16 feet. Two wall panels removed to show 
interior. 


Pigure 2. (Above) Operation center (A) control panel for 
scanning equipment, recorder and integrator; (B) auto- 
matic recording instrument; (C) integrator; (D) winch 
control button. Voltmeter and controls for test and cali- 
brating lamps and for integrator circuits, lef‘. 


and lamps of any type can be installed and shifted 
about. 

Rooms up to 30 feet square may be set up at 
full seale, making possible subjective appraisals 
of comfort and permitting investigation of in- 
accuracies that may be inherent in smaller scale 
model rooms with lighting units of normal size. 
The smallest room is shown in Fig. 1 at maximum 
height 

Explorations of 
plane are made with a high-precision, mechani- 


illumination in any desired 
eally-propelled photometric head on a movable 
track 
controlled either manually by push button at the 


Motion of the carriage and track may be 


operation center, Fig. 4, or in an automatic cycle 
of operation. Thus, the light-sensitive cell may be 
moved to any position, a peak of illumination 
searched out, or a complete exploration made, all 
without the operator entering the room 

Curves of illumination values are automatically 
plotted by a recording instrument whose strip 
chart moves in synchronism with the photometric 


head A 


spaced traverses across a quadrant of the room is 


specimen recording for ten equally 


shown in Fig. 3. Such reeords are available for 
studies of distribution and utilization in particu- 
lar areas. Simultaneously, an automatic device 
integrates these curves, providing counts which 
are instantly convertible to average footcandles 


or lumens delivered 


(Abstract of I.E.S. 1951 Conference Paper No. 24) 
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An Analysis 
Of Fluorescent Luminaire Brightness Limitations 


HE importance of controlling luminaire bright- 
ness has led many of our technical committees 
to recommend maximum brightness and/or shield- 
ing angles. Concurrently, others have devised 


techniques in which average luminaire bright- 
nesses are used to predetermine the amount of 
comfort or discomfort that may be expected from 
an installation. The need for some correlation be- 
tween maximum and average brightnesses is ob- 
vious, and the possibility ob using average bright- 
ness as a performance criterion is worthy of con- 
sideration 

The maximum brightness data upon which we 
place so much emphasis today is actually un 
worthy of the importance attached to jt. The 
values shown on photometric data sheets are fre- 
quently not true maximums found by thorough 
Even when the measurements are 


made conscientiously by skilled technicians, they 


exploration 


are very tricky and may be altered considerably 
by small mechanical variations in the equipment 
Furthermore, the LE.S _test- 


ing guide permits the use of different instruments 


or shielding media 


that will produce results as different as those 


shown in Table I 


Westinghouse Electric Cory 


Author 


TABLE I. 


John J. Neidhart 


The average brightness of a luminaire is merely 
the candlepower divided by the projected area of 
the luminous portions of the luminaire at a given 
angle and viewing direction. Since candlepower 
measurements are more reliable and projected 
areas for crosswise and endwise viewing can be 
obtained graphically or mathematically with rea- 
brightness 


sonable ease and average 


data can be regarded with greater faith than can 


accuracy, 


maximum brightness deta 
By means of curves and data similar to Fig. 1, 
brightnesses of several 


average and maximum 


representative fluorescent luminaires are com- 
pared. Several types of direct, semi-direct, direct- 
indirect, semi-indirect, and indirect luminaires 
are included to show the effects of both distribu- 
tion and method or degree of shielding. The 
average brightnesses are presented in the form of 
smooth curves, and maximum brightnesses and 
ratios of maximum to average brightnesses are 
tabulated for all angles for which maximum 
brightness data were available. 

The data seem to indicate that average bright 
ness is a satisfactory means of indicating lumi- 
naire performance as it may affect comfort. In 
Fig. 1, 


from the addition of a longitudinal shield is clear- 


for example, the improvement resulting 


Comparison of Maximum Brightnesses for a Direct-Indirect Luminaire with 30° x 30° Louver Bottom 


Using the Different Techniques Approved in the I.E.8. Test Procedure or in Common Laboratory Use. 


Photo-Blectric Type Meter 
44” = 2” Aperture 


Pootlamberts Relative 
Brightness 


1” = 1” Aperture 


Pootlamberts Relative 
Brightness Brightness 


Viewing 
Direction 
Brightness 

— 3 1¢ 2064 

Crossewise 2262 
Endwise ) 1986 
Crosswise 2074 
Endwise 752 1335 
Crosswise 5 BRS 
Endwise 723 
Cross wise 2 0 257 
End wise 26 268 


Cross wise ‘ 160 


FE ndwise 
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Visual Type Meter 
(Luckiesh-Taylor) 


Pootlamberts Relative Pootlamberts Relative 
Brightness Brightness Brightness Brightness 


102 5 2141 105 


4" = 4” Aperture 


104 
100 
131 


76 


135 
93 











No. 1—2-lamp 40-watt industrial luminaire 
No. 2—Same as No. 1 except with longitudinal shield. 


it can be used alone is 


Whether or not 


conjecture. If at least some reference 


shown 
subject to 

maximum brightness is believed necessary, it 
an be expressed best in the form of the ratio of 
maximum to average brightness Such a step 
would place the emphasis upon the more reliable 
average brightness where it belongs and would 
correlation between photometric 


permit better 


data and comfort evaluation systems. At the same 


time, the ratio of maximum to average brightness 


} 


ose any possible small area “hot spots” 


Luminaire 51 


Max.to Avg 
Viewing Maximum Brightness 


Direction Brightness Ratio Brightness Ratio 


2245 


Cross wise 
End wise 


Cross wise 


End wise 


Cross w ise 


Endwise 


of brightness that might be present in some types 
of incandescent luminaires and would thereby 
make the system suitable for both fluorescent and 
incandescent luminaires. It is very doubtful that 
there would be any significant “hot spots” with 
fluorescent luminaires since the maximum bright- 
ness of the representative luminaires studied was 
generally only 1.5 to 5 times the average bright- 
ness thus indicating that the ratio is probably un- 
necessary for fluorescent luminaires 


(Abstract of ILE.S. 1951 Conference Pape r No. 23) 
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Relation of Distance to Candlepower Distribution 


From Fluorescent Luminaires 


ARIOUS workers have pointed out the limi 
tations of measurement and of computation 
of illumination as affected by source size and the 
distance from source to point of observation 
There has been some tendency to follow rules de 
veloped for incandescent sources in applications 
involving fluorescent sources 
It is the purpose of this paper to examine into 
the effects of photometric distance and measure 
ments procedures on the resulting determinations 


of light output, eandlepower distribution and effi 


New York, N.Y 
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ciency of fluorescent lighting units. The results 
serve to 
1) Justify the three-plane method of photome- 
try as commonly applied to fluorescent fixtures. 
9 


Show that reasonably accurate measure- 


ments can be obtained only when the ratio of 
maximum source dimension to photometric dis- 
tance is of the order of 1:5 

3) Show that work at shorter photometric dis- 
close light-output 


and efficiency values, but show a badly distorted 


tances may yield reasonably 


picture of the candlepower distribution. 
(Abstract of TLE.S. 1951 Conference Paper No. 19) 
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Verification 
Of the Interflection Tables 


LLUMINATING engineers have come, over the 
years, to the realization that satisfactory and 
comfortable lighting requires control of bright 
field 


Lighting design should, therefore, include com 


ness distribution throughout the visual 
putation of the brightness distribution if it is to 
predetermine completely the performance of a 
lighting installation 

The lumen method of lighting caleulation has 
allowed computation of the working plane illu- 
mination while the interflection method now per- 


No ex 


perimental verification of the theoretical inter- 


mits computation of surface brightnesses 


flection tables has been published previously 

This paper summarizes an experimental! study 
of the accuracy of the theoretical interflection 
tables for a series of mods room sizes lighted by a 
luminous ceiling. The conditions were limited to 
those on which these tables are premised; all sur 
faces diffuse, ceiling of uniform brightness, and 
each surface of uniform reflectance 

The investigation was conducted in a model 
room with maximum internal dimensions of six 
feet in all directions. The room ratio value was 
varied from 0.167 to 1.000 by changing the room 
height while the floor area remained constant 
Fig. 1 shows an exterior view of the experimental 
room. Illumination and brightness readings were 
recorded from outside the room through remov- 
able sections in the floor and one wall. The room 


surfaces were painted with integrating sphere 
paint in order to approach perfectly diffusing 
surfaces as closely as possible 

The luminous ceiling was formed of tracing 


paper and illuminated from a cavity utilizing 


silvered-bow] incandescent lamps. Through lamp 
arrangement in the cavity, voltage control to va- 
rious groups of lamps, and the use of polished 
aluminum sheet on the cavity sides, the ceiling 
brightness uniformity was such that the maximum 
variation was only 3 per cent from the average 
value. 

Since the ratios under consideration involve 
both brightness and illumination, it was desirable 
to measure both variables with the same instru 
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ment in order to minimize inherent instrument 
Luckiesh-Taylor 


Brightness Meter was used for all measurements 


errors. For this reason the 
Illumination values at the working plane height 
were measured by use of a magnesium oxide disk 

The investigation showed a very close agree 
ment between experimental and theoretical values 
of interflection ratios for the specific conditions 
of the test room. The maximum difference found 
between experimental and theoretical values was 
4 per cent. This experimental verification gives 
assurance of the validity of this method of light 
ing design. The accuracy of the practical appli 
vation of this method depends upon the actual 
room conditions in much the same manner as does 
the accuracy of the lumen method of lighting 


calculation 


(Abstract of 1.E.S. 1951 Conference Paper Vo. 26) 


Figure 1. Exterior view of the experimental room with 

the floor in position for a room ratio of 0.833. The Bright- 

ness Meter is placed to read the ceiling brightness through 
one of the apertures. 
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Television Interference 


From Filament Lamps 


1940 it has been known that the S-1 
na vacuum lamp could cause 


ewe E 
ty yp 
interrer 


of filament 
nee 


in the 60 to 70 megacyele frequency 
lthough these lamps have not been manu 
interference 


ce 1925. more eases of 


curred than was originally anticipated 
The reason for this is that these lamps have been 
fruit cellars and 


's as attics 


ir intermittent use extends their 


vs a photograph ota typical straight 


The straight wire vacuum type of lamp that 
causes television interference 


Figure 1 
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wire vacuum lamp. The main points of identifica- 
tion are the filament shape, the clear glass bulb 
and the tip. 

“Bark- 


hausen” type of oscillation which takes place be- 


The oscillations are produced by a 
tween the two end sections of the filament. Each 
section acts alternately as an anode drawing elec- 
trons from the opposite end and a cathode giving 
up electrons to the opposite section. When acting 
as an anode many of the electrons drawn toward 
it miss and take an eliptical path about the fila- 
ment inducing an RF field and producing the in- 
terference. 

Fig. 2 shows the relative magnitude of the in- 
terference frequencies and the relation of the fre- 
quency to the voltage applied to the lamp. Since 
these lamps are operated on 60-cycle, the frequen- 
cy is modulated by each half of the 60-cycle wave 
Lamps vary in that some will produce oscillations 
on only one-half of the 60-cycle wave and the fre- 


In all 


quency range will vary from lamp to lamp 
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Figure 2. The top curve shows the relative amplitude of 
the lamp oscillation versus the frequency generated for a 
typical lamp. The lower curve shows the relation of the 
frequency generated to the instantaneous 60-cycle line 
voltage for a typical lamp. 
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Figure 3. Pictures A, B, and C are 

typical television interference patterns 

caused by lamps of the type shown in 

Figure 1. Picture D is the result of 

operating the lamp very near the tele 
vision receiver. 


lamps the frequency range increases as the line 
voltage is increased. 

In television the interference appears in one or 
two horizontal bars depending upon whether the 
lamp is oscillating on one or. both halves of the 
60-cycle wave. The position of the bars may be 
stationary or moving up or down depending upon 
the power line phase relation to the vertical scan 
ning frequency. The channels most affected are 
2, 3, and 4. 

Fig. 3 illustrates various interference patterns 
caused by lamps of this type. There is a wide 


variety of equipment such as motors, shavers, 


Maintenance of Industria! Lighting 


EFENSE mobilization imposes on industry an 
imperative responsibility for the most effec- 

tive use of production facilities and manpower 
Good lighting becomes more vital than ever, and 
therefore unnecessary waste of light resulting from 
a lack of maintenance should not be tolerated. To 
add to the available but limited data on loss due to 
dirt the authors have undertaken tests in some 13 
factory areas in two industrial cities, representing 
different degrees of cleanliness or dirt prevalence 
Gain on Initial Cleaning.—The heavy penalty 
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ignition systems and diathermy, that cause inter- 
ference on television. However, diathermy is the 
only one that appears similar 

Lamps of this type have been known to cause 
interference for a radius of three blocks, however, 
the distance will vary with different lamps and 
the type of installation. The simplest remedy for 
this type of interference is to find and replace the 
guilty lamp. Various means could be used to 
shield the 


than replacing the old lamp with a modern, more 


lamp, but they would be more costly 


efficient lamp. 


(Abstract of I.E.S. 1951 Conference Paper No. 33) 
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Depreciation rate of light output due to lumi- 
naire dirt in engine assembly area. 


Figure 1 


lack 
“after” 


suffered in factory areas due to of mainte 


nance is shown the “before” and data 
Table I 
overall was found in the six plant areas where 
had Dirt the 
lamps alone accounted for an average loss of 19 


per cent, while that on the reflectors was respon 


by 


on An average light loss of 53 per cent 


maintenance been neglected on 


sible for a 28 per cent reduction in delivered light 
Rate 


plant areas, the average drop in output from the 


of Depreciation.—For all luminaires in the 


lean-reflector, new lamp condition at the end of 


TABLE I.—Rate of Depreciation 


Average 
Burning 
Hours 
Per 
Month 


No. of 
Luminaires 


Luminaire Type 
and Pinish 


Low-Bay Areas 


40W Synth 
2.40W Syntheti 
2.40W Porcelair 
85W Porcelair 
2 40W Porcelain 
2-85W Porcelair 
2-40W Syntheti 
1-40W Aluminu 


High-Bay Areas 


,40W 
40W 
).a5W 
2.40W 
)40W 
,40W 


Synthet 
Porcelair 
Porcelain 
Synthetic 
Syntheti 
Synthetix 


Warehouse 
Welding 
Machine 


Heavy 


Shop 


Control luminaires of the RLM type 
*Singlelamp aluminum troffers 
Ajl other industrial luminaires of the RLM type 


$56 


As 
Pound 
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After deduct- 
ing lamp depreciation, the loss in three months 


only three months was 31 per cent 


due to dirt collection varied from 3 per cent in the 
woodworking shop to as high as 37 per cent (aver- 
in the foundry 

Economic Value Planned If 
the amount of light loss during a given period is 
known, the economic value of cleaning can be de- 


age ) 


of Maintenance 


termined, using energy and labor costs applying 
for the plant in question. Taking the engine as- 
sembly area as a typical example, the average loss 
due to dirt collection was 25 per cent at the end 
of 3 months, with about 31 per cent indicated (Fig. 
Without cleaning, the 


Even if the lumi- 


1) at the end of 6 months 
loss will approach 45 per cent 
naires are cleaned only once in six months there 
would be a gain in illumination of about 42 per 
cent above the asymptotic value. 

The operating cost of a lighting system always 
involves energy, lamp and lamp replacement (la- 
bor) costs. In a typical medium-sized plant with 
the costs shown in Fig. 2, two cleanings per year 
will provide a 42 per cent increase in illumination 
or $3.40 worth of light. Even neglecting the sub- 
stantial reduction in required investment for a 
given average illumination, any cleaning cost up 
to $1.70 per fixture pays a real dividend Based 
on a cleaning cost of 35¢ each per two 40-watt fluo- 
rescent lamp industrial luminaire, the bars at the 
left of the chart, Fig. 2, show that an additional 
operating expense of only 9 per cent or 70c, yields 


a $3.40 return in added illumination 


of Illumination in Industrial Areas. 


Light Output 
After Subsequent Service Without 
Cleaning 
And After Deducting 
Lamp Depreciation 
4 1 2 :; 4 
mo. mo. mo. mo, mo. 


After 
Cleaning 
Relamping . 1 
Only Relamping mo. 
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Figure 2. Cross-hatched portions show 
added annual operating costs and illu 
mination increases for two cleanings 
per year—two-lamp 40-watt fluorescent 
industrial luminaires. 
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In high bay areas cleaning costs are usually 
greater and are largely dependent upon the ac- 
The data at 


the right of Fig. 2 show that in the welding shop 


eessibility of the lighting equipment 


Fundamentals 
Of Lighting Cost Analysis 


oom is nearly always a factor in the selection 


of a lighting system. When the lighting per- 
formance of different systems is similar, the com 
parative cost may become the deciding factor. 
Many papers and articles have included relative 
costs of various illumination systems. A uniform 
computation procedure is proposed, forming the 
framework into which specific charges applying to 
a particular installation can be fitted. For example, 
quick and fair comparisons of cost data from dif- 
ferent individuals are possible only if (1) costs are 
equated to an equal footcandle level in service, (2) 
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COST PER 

LUMINAIRE 

LOW BAY AREA - 4500 HOURS 
PER YEAR 


COST PER AVERAGE 
LUMINAIRE ILLUMINATION 


HIGH BAY AREA - 3000 HOURS 
PER YEAR 


a maintenance schedule of two cleanings per year 
should provide 41 per cent increase in illumination 
for an additional operating cost of 27 per cent 
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equal amortization rates are used, (3) equal oper- 


ating conditions are employed, (4) cleaning sched- 
ules are appropriate for each type of system and 
(5) uniform labor rates are used for estimating the 
cost of installation, cleaning and relamping. 

The accompanying table shows the uniform 
method proposed. In the paper, typical values are 
given for three medium-bay industrial lighting 
systems. Section A covers the basic data necessary 
to equate illumination performance, and also tabu- 
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TABLE I.—Cost Analysis. Industrial Lighting Systems — 25-Foot Mounting Height. 


I — Pluorescent 
4 85-watt T17 Std. mt — Mercury 
Cool White 1 400-watt B-Hl Ir — Pilament 
Luminaire Description 4-lamp ballast 2-lamp ballast 1 1000-watt PS-52 
(Porcelain enamelled steel reflectors) 265-volt primary 230-volt primary 120 volts 


Basic Data 

Rated init amp lumens per lun 17,600 20.000 21.500 
Lamy fe 7.500 e) 3000 4000 1000 
Average watts per lamp a2 400 1000 
Watts pe iminaire includes t 64 430 (f) 1000 
Coefficient of utilization (a iy 9 59 
Maintenance factor (b 5 65 

tive maintained lumens per lur r l * 8250 

number of luminaires needed 


ed foot 


Initial Costs 
Net lun 
stallat 


initial 


umn I 


Annual Operating Costs 
1 Burning hours per year 
1¢ Annual energy ost 
rate in c per KWH t 75 72 ‘ $40.00 
g ‘ 5 $80.00 


$120.00 


400 
$10.00 
$ 3.00 
$ 1.00 
$54.00 
$94.00 
$134.00 
5% 


1 
221% 


20 


Rated life at 5 and 10 hours per start, respectively 
lepreciation and mear F eciatia Ballast watts and cost given are half of 2amp values 
eanings per year 4 Average for lamp lives given in item 2 

Wiring requirements of filament lighting systems are much 

greater than for fluorescent or mercury systems. This should 

reflect in substantially higher nitial and, therefore total 


annual) cost than shown hers 


ing cost may be a bigger factor than initial or total 
Item 22 is included to 


lates the lamp life and over-all wattage for con 
Section B annual cost in some cases, 


venience in caleulating operating costs 
permit quick comparisons of different systems un- 


which should wherever possible 


gives initial costs 


der study. Section D gives the relative total an- 


include both installation and wiring charges in 
nual costs, which will be of greatest interest to 


addition to charges for the luminaires and the ini- 


tial set of lamps. For luminaires, a uniform 15 per most lighting customers. 


The paper explains the simple procedure for esti- 
mating actual dollars cost and mentions the use of 


cost analyses to determine optimum cleaning inter- 


ent write-off rate is suggested, which allows 10 
per cent for amortization and 5 per cent for inter 
est, taxes and insurance. The wiring system would 
vals, the economy of group or spot replacement 


ordinarily be amortized at a lower rate. Item 14 
Of course, cost comparisons exclude 


different sys methods, ete. 
considerations of relative lighting quality, which 
should be covered by suitable accompanying ex- 


gives the relative initial cost for the 
tems being compared 

Section C covers the annual operating costs of 
planations. 


electrical energy and lamps, and the labor charges 
(Abstract of 1.E.S. 1951 Conference Paper No. 2) 


for cleaning and lamp replacement. Since operat 


Abstracts of Papers 1951 National Technical Conference ILLUMINATING ENGINEERING 


$58 





From the Session on 


Sources 


Color Correction and 
Other Important Improvements 
In Mercury Lamps 


EW DESIGN features have greatly improved 
mercury vapor lamps. The most important H. D. Fraser 
recent improvement is the development of a color 
corrected mercury lamp. This lamp has its outer 
bulb coated with a newly developed high tempera 
ture phosphor which adds red to the mercury white light suitable for most industrial purposes 
spectrum and so provides a pleasing color of and floodlighting applications. Other improve- 
ments include a new method of introducing lead 
Authors: Westinghouse Electr o Lamp Division, Bloomfield wires into quartz are tubes, larger are tubes, 
N. J larger outer bulbs made of lime glass, and a new 
high temperature basing cement. These improve- 
ments have resulted in longer life, better mainte 
nance and greater dependability for mercury 
lamps 
The new method of sealing lead wires into 
quartz makes use of a new type of ribbon seal 
consisting of thin molybdenum metal pressed be- 
tween two walls of quartz or other similar mate- 
rial. (See Fig. 1 The ribbon is so thin that the 
forces exerted by expansion and contraction are 
negligible and a vacuum tight seal is effected 
Previously most mercury lamps used a graded 
MOLYBDENUM glass seal which often developed cracks at unpre- 
L— .0006" THICK dictable stages of lamp life even though carefully 
controlled methods were used in their manufac- 
ture. 
Other improvements contributing to a better 
mercury lamp are the use of a larger are tube 
diameter and a larger “isothermal” lime glass 








outer bulb. The are tube diameter has been de- 

signed to provide best overall balance between 

high efficiency, long life and good maintenance. 

The larger outer envelope, illustrated in Fig. 2, is 

Pigure 2. Thin metal ribbon, vacuum sealed into quartz, 

eliminates strain and provides dependable means of intro- 
ducing lead wires into quartz arc tubes. 


designed to be approximately isothermal, and has 


a lower temperature during operation of the lamp 
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Substitution of J-H1 for A-H1 raises illumina 
tion level and provides color correction 


Figure 9 


Figure 3. New larger “isothermal” bulb and larger arc 

tube, with ribbon seal, have greatly improved perform 

ance of quartz mercury lamps. The old and new 400-watt 
type E-H1 lamps are illustrated 


Lime glass is used because it was found to be espe- 
cially satisfactory with the new design, with less 
evolution of water vapor during operation than 
other glasses 

A new silicone basing cement has been devel 
oped which retains its adhesive properties at high 
temperatures over long periods of time. It can be 
ised in place of ordinary cement in regular type 
bases and when used in this manner makes an ex 
material for basing high 


‘ellent temperature 


lamps. By this method it is possible to eliminate 
the often troublesome mechanical base 

Mercury lamps have been widely accepted for 
industrial lighting and other applications because 
of their long life, high efficiency and high output 
but in many cases their color has not been accept 
able without the addition of other light sowrces, 
such as incandescent lamps which have a wealth 
of the red energy lacking in mereury lamps 

It has long been desirable to have a mercury 
lamp of good color quality and still retain the 
and other qualities of 


high efficiency mereury 


lamps. This was made possible by Thorington’s 
development of a new high temperature fluoro 
germanate phosphor which converts the wasted 
invisible ultraviolet energy of the quartz mer 
curvy are into visible radiation which has most of 
During 1950 


a 400-watt color corrected mercury lamp employ 


its energy in the red spectral region 


ing this magnesium fluorogermanate phosphor 


made its appearance and was designated type J 


111. The phosphor was coated onto the inner sur 


face of a specially designed “isothermal” bulb 
The J-H1 produces 45 lumens per watt and is 
physically and electrically interchangeable with 


the E-H1 


the A-H1 in most indoor applications. and, with a 


It can also be substituted directly for 


higher voltage ballast, in most outdoor applica 
tion See Fig. 3 

The J-H1 will be used principally in the light 
ing of large industrial areas, such as foundries, 


rooms, machine shops, assembly depart 


press 


ments, generator stations, ete. It will also be used 


for floodlighting and street lighting to some ex 
tent Seaside Heights N. J.. uses it to light the 
ocean side boardwalks and Chicago to light flower 
conservatories 


All these new technical developments, there 


have made quartz mereury are lighting in 
| b 


creasingly desirable for many applications and 


the new color corrected mereury lamps. will 


greatly widen the acceptance of mercury vapor 


lighting 


fhstract of 1.E.S. 1951 Conference Paper Vo. 8 
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Factors Affecting Performance 
Of Indicator Lamps 


| pee the safe, economical operation of home 


applianees and industrial electrical equip 


ments, indicator lamps are becoming a “must.” 
This paper presents data on performance factors, 
to aid in selections and applications of proper 
lamps 

Performance is affected by voltage, tempera 
ture, construction, vibration and mechanical 
shock 

Operating lamps at design volts is important, 
since a change of 5 per cent in volts can change 
life by 50 per cent. 

“Hot shock” test data show that lamps operated 
considerably below their normal voltage resist 
shock and vibration much better. Temperatures 
above 350°F may affect both the solder and basing 
cement as well as producing adverse effects on 
quality 

In general, lamps designed for low voltage (6 
to 8 watts) are more rugged than standard volt 
age lamps 

The lamps shown in Fig. 1 of the paper were 
“hot shock” tested 


shown in Table | expressed as “number of shocks.” 


The results of this test are 


These data show, in general, the greater ruggedness 
None of the standard voltage lamps stood up as 
of the low voltage lamps such as No. 44 and No. 47 


well 


TABLE I.—Hot Shock Test Results. 


Per Cent 
Lamps OK 
at 25,000 
Shocks 


Mumber of Shocks 
Minimum Maximum Average 


800 3 2.65 ) 
15,000 

1,000 
25.0004 


»0 
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Glow lamps, such as NE-2 and NE-51 were un- 
affected by the shock test. Having no filament 
they are not seriously affected by voltage varia- 
tions. They are rugged, long life lamps 

If the filament and mount are not designed to 
have the same resonant frequency, vibration at 
the resonant point of the mount may cause a 
whipping action that will seriously shorten fila 
ment life. Resonant frequencies for several lamps 
are given in Table II. No destructive resonant 


points were found in the glow lamps 


iocY/ivc 10C7DC 


oe 


om 


313 NE-5I 


5! 57 47 
aa 


Figure 1. Lamps tested for shock and vibration 
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The addition of extra supports for the filament 


inereases ruggedness and reduces the effects of 
shock and vibration 
To sum up: In applications where the natural 


orange-red color, viewed direct, is suitable and 
where standard voltage is used, glow lamps are to 
be preferred because of their long life and resist 
ance to shock and vibration 

When more light is required and when appre- 
ciable shock and vibration are present, provision 
should be made to employ low voltage, miniature 
lamps such as Nos. 44 and 47 

Standard 


lamps may be used when shock and vibration are 


voltage, small size, incandescent 


absent 


1951 Conference Pape r No. 17) 
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Starting Fluorescent Lamps 
At Low Ambient Temperature 


A* THE ambient temperature decreases below 
d the difficulty in starting 
The 


approximately 80°F, 


a fluorescent lamp increases majority of 


standard product fluorescent lamps, starters and 
ballasts are designed to give their best perform 
ance at 80°F and to provide satisfactory starting 


down to 50°F. Today, an increasing number of 


fluorescent lamps, and their related auxiliary 


fhstracts « 


TABLE II.—Resonant Frequencies. 


Lamp Test 
Mumber Volts 


7C7 120 
10C7/1DC 120 
1OoCcTDC 120 
NE-30 120 


3186/5 
686 


1086/10 
1086/10 


NE-45 
NE-57 
51 


47 


Slowly 
Destructive 


All frequencies 
35-130 


All frequencies 
170-190 


1600-1800 


All frequencies 
All frequencies 


All frequencies 
All frequencies 


none* 

none* 

1100-1400, 6000-6300 
200-410, 600-670 
2700-3200, 6300 


Rapidly 
Destructive 


100, 320-370, 800, 
2800-3000 

550, 2500-2700 
180-190, 1500 

none* 

310-400, 700-800, 2200 
6000, 8000, 10,000 
80-120, 285-400, 750. 
4000 

200-270, 6000-7000 
400-500, 1500-2100, 
4000-5000 

none* 

none* 

800-900 

670-1250, 2200, 3800 
1300-1500 

none* 
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44 5 2700-3300 


All frequencies 100-450, 1700-1900 


3800-4000 


NE-51 none* none* 


“Within range of test 


equipment, are being used in both outdoor and in- 
door applications under much lower ambient tem- 
perature conditions than the recommended 50°F. 
For these applications we need to know the mini- 
mum ambient temperature at which lamp starting 
ean be obtained with a particular standard prod- 
uct lamp and its corresponding auxiliary equip- 
ment. 

Such variables as humidity, line voltage and 
fixture design and variations in lamps and auxili- 
aries, all play a part in determining the low tem- 
perature starting limit. In this paper, data and 
information are presented showing the effect of 
the more important of these variables on lamp 
starting. In addition, typical temperature 
applications of fluorescent lamps are discussed, 


low 


suggested methods are given for the selection of 
a lamp and auxiliary combination for startability 


TABLE I.—Effect of Fixture on Test Starting Voltage. 


Test Starting Voltage 


Pixture lor +10°F 20°F 50°F 


4lamp glass enclosed 
cylindrical vertical 
mounted unit 

2 lamp metal enclosed 


40- Watt T-12 
Instant Start 
glass face 
Isolated lamps 
2 lamp metal enclosed 
glass face 
Isolated lamps 


2 lamp metal enclosed 
giass face 
Isolated lamps 
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TABLE I1.—Relative Test Startability of Preheat Start 
Type Lamps at 118 Line Volts. 


Ambient 
Temperature 
32°F oF -10°F 


Lamp Starter 
ting Switch 


Opera 
Lamp Type Condition Type 


Isolated Glow 
In fixture Glow 
Thermal 
Thermal 


40-Watt T-12 3.2 mm 


Isolated 
In fixture 
Isolated Glow 
In fixture Glow 
Isolated Thermal 
In fixture Thermal 
Isolated Glow 
Isolated Thermal 
Isolated Glow 
Isolated Thermal 


40-Watt T-12 (LT 
Low Temperature 


2.8 mm 
90-Watt T-17 
100-Watt T-17 
Non-starting 


Erratic starting 
Reliable starting 


Designation “A” 
Designation “B 
Designation *'« 


in an installation and suggestions are made on 
emergency measures which can be used in case a 
lamp fails to start. 

For a number of instant-start type fluorescent 
lamps, data are given for an ambient temperature 
range of —10°F to 50°F, covering the test starting 
voltage required to start the hardest starting 
lamp in each group tested when the lamps were 


Left to right: 


C. H. Burns 
G. A. Freeman 


D. W. Rowten 


Mercury Vapor Lamp Circuits 


N THE application of the mereury vapor lamp 

many operating problems have developed that 
may not be generally understood. This paper is 
devoted to a better understanding of mercury 
vapor lamps and cireuits and the effect of the 
many variables that may be introduced. 


The principal types of mereury vapor lamps 


Authors: Westinghouse Electric Corp elane rd Bloc 
field, N. J 
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operated both in a bare lamp isolated condition 
and in grounded metal fixtures. A curve on the 
effect of variation in lamp fill gas pressure on 
starting is also shown. 

Data are also presented showing the relative 
startability of combinations of various preheat- 
start type lamps and various types of starters at 
a number of low ambient temperatures. Lamps 
were tested both in the isolated condition and in 
grounded metal fixtures 

The general conclusions reached in this paper 
are that fairly dependable starting can be ob 
tained with certain standard fluorescent lamps 
and auxiliaries at ambient temperatures appre- 
ciably lower than 50°F. Most instant-start lamps 
under good operating conditions will start down 
to an ambient temperature of 32°F, with the 40- 
watt T-12 instant-start lamp being useful at tem- 
peratures approaching O°F. Preheat-start type 
lamps are limited in their low temperature appli- 
cation by the starter switch, but the 40-watt low 
temperature lamp is useful at temperatures down 


to O°F. 


(Abstract of 1.E.S. 1951 Conference Paper No. 38) 


are shown in Fig. 1. The various types of ballasts 
for multiple circuits and the cireuits used with 
them are in Table I 

Ambient temperature affects the striking volt- 
age of all discharge lamps, some more than others. 
Higher voltage is required for starting as tem- 
perature is lowered. This effect is illustrated in 
Fig. 2 for the 400-watt E-H1 mercury lamp 


Primary voltage taps are usually provided so 
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TABLE I.—Ballast Operating Characteristics. 


a.P.F. a.Y.F. a.P.F. x.P.F. a.P.F. 
High High High Series Lead-Lag LP... 
Reactance Reactance Reactance Capacitor 2-Lamp R t 





E-H1 A-H12 

J-H1 

A-H1 

400 1000 6000 
440 1085 6280 
115 5 5 23 120 230 

850 


20 20 


Over 90 


that the ballast can be matched to the line voltage TABLE II.—Required Regulator Capacity Per Lamp 


to operate lamps at normal ratings. Allowance 


Starting 
for higher line current during the starting period Temperature c-H5 B-H1&J-Hl A-Hl & B-H1 


should be made in cireuit design. Thermal or 
75 W 200 W 200 W 


+20 or higher 


600 W 00 W a50 W 


' 
al magnetic type circuit breakers should be o°F 
F 650 W 1000 W 200 W 


10 
circuit protection to avoid tripping out 
short duration transient lite current at 
Power interruptions or voltage dips 


10 per cent, depending on the type of In series circuits the current limiting device is 


cause lamp outage requiring that the constant current regulating transformer. A 


‘lapse before it starts again two winding isolating transformer is usually used 
with each lamp to match lamp current to line cur 
rent and to limit the voltage applied to a lamp in 
case of power interruption or lamp failure. Series 
operation of mercury lamps without isolating 
transformers is being tried. The voltage required 
to start a mercury lamp is higher than its operat 
ing voltage. This requires that there be more 
regulator capacity than for the equivalent watt 
age of incandescent lamps as shown in the follow 

: ing table 
—_- The power factor of a series circuit of mercury 
ass S000 Warr 
lamps is low unless corrected. Power factor cor 
Figure Mercury vapor lamps for lighting service rection is accomplished with a capacitor on the 
primary side of the constant current regulator 
Incandescent and mercury lamps may be oper 


ated on the same series circuit. The maximum 





number of lamps for a given regulator can be de- 





4 Ls | P| 
€-M! OR J #I PIERTCURY /APOR 
| TT [2 © 


termined from the curves 
The application of mercury vapor lamps sug 


gests an engineering analysis of the particular 


e 


lamp and ballast cireuit under consideration be 
fore final selection is made. It is hoped that this 


LS 


discussion pointing out some of the characteristics 


STARTING VOLTS 


of particular lamps and ballasts will be helpful to 





the application engineer in planning mercury 





TEMIPERATURE F vapor lamp installations 


Figure 2. Relation of starting volts to temperature tbstract of ILLES. 1951 Conference Paper No, 31) 
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Low Pressure 
Mercury Discharges 


HIS PAPER is a continuation of the published 
work! on low pressure mercury discharges 
with inert gases and mixtures of inert gases such 
as neon, argon, krypton, krypton-argon and kryp 
ton-neon. The 50 per cent krypton -50 per cent 
argon and 75 per cent krypton - 25 per cent neon 
mixtures were reported to have a maximum ultra 
violet and fluorescent efficiency at an inert gas 
pressure of approximately 2 millimeter of mer 
cury where the voltage passes through a mini 
mum. The next logical gas and gas mixtures to 
investigate for the presence of anomalies were 
xenon and krypton-xenon 

All the data are taken at a constant lamp cur 
rent of 500 milliamperes and at a constant tem 
perature of 45 degrees C (about 9 microns of mer 
cury vapor pressure) for different gas pressures 
ranging from 1 to 5 millimeters. Krypton at 2 
millimeters gas pressure is taken as the 100 per 
cent reference point 

The voltage of the lamp is lowest for pure 
xenon and increases progressively with the pure 
gases of krypton, argon and neon. Krypton-inert 
gas mixtures have voltages intermediate between 


those for the two pure gases and the voltages do 
not show any irregularity except for the krypton 
xenon mixtures 

The are efficiency decreases rapidly for pure 
xenon as the pressure Is inereased to 5 millimeters 
This large deviation was not noted with any of 
the other inert gases investigated. The are effi 


ciencies for the mixtures are intermediate be 


SEPTEMBER 195] 


George Meister Thomas H. Heine 


tween the two pure gases and have their maxima 
at 1 millimeter gas pressure, in agreement with 
data on the krypton-argon and krypton-neon mix 
tures. 

1 Meister ‘ and Heir 

harges LLU MINATING 


ber 1949 


(Abstract of LE NS. 1951 Conterence Paper Vo 
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From the Session on 


Glare and Comfort 


BCD Brightness Ratings in Lighting Practice 


Sylvester K. Guth 


AN EXTENSIVE series of earlier investigations 
A f the many factors which govern whether 
sources of brightness are comfortable or uncom 
fortable led to the conclusion that a simple and 
practical equivalent for multiple sources of equal 
hrightness and areas which are located ahove the 
f wsron is the total of the individual areas 
position of the source closest to the 


vision. This was derived from data on cir 
ilar sources and was checked in a simulated visual 
environment. The present paper presents the re 
sults of an investigation which was designed to 
determine how readily this procedure could be 
applied to actual lighting installations 
Fluorescent lighting units were arranged in typi 
al combinations in two sizes of experimental 
rooms, The method of appraising the brightnesses 
f these units was similar to that used in previous 
investigations of brightnesses at the borderline be 
ymfort and discomfort (BCD). That is the 
observers who were located at one end of the roon 
adjusted the brightness of a circular test source so 


’ 


sensation received from it was the same as 
sensation received from the particular installa 
pared The 


tion being con index of sensation WV for 


f 


the test source was cak tlated by means of the equa 


V 


which M is expressed in terms of the brightness 


B, size Y and position index P of the source and 


Lhstracts 
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the adaptation brightness FP. A similar calculation 
for the fluorescent units using the sum of the in- 
dividual solid angles subtended by each of the units 
as @ and the weighted brightness of that part of 
the installation included within the visual field, 
vields a second value of M. The position index P 
was determined by the unit closest to the line of 
vision. The results obtained in this investigation 
are summarized in the accompanying table 

It is seen that the indices of sensation for each of 
the lighting installations and for the corresponding 
test source brightnesses are in excellent agreement, 


the average difference being about 5 per cent. They 
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PROBABLE PEACENT OF COMFORTABLE OBSERVERS 








40 60 80 100 120 40 
INDEX OF SENSATION. 


nN 
°o 


The relationship between the probable per cent of ob- 
servers who would be expected to find that the index of 
sensation M representing a given combination of bright- 
ness conditions to be at or more comfortable than the 
borderline between comfort and discomfort. 
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TABLE I.—Physical data and average indices of sensa- 

tion M for typical fluorescent lighting installations and 

single sources of brightness which were judged to produce 
the same visual sensation. 


Experimental Condition 
B c D E 


I. Lighting Installations 
Solid angle Y, steradians 0.0608 
Position index P B 
Weighted brightness B of 
units, footlamberts 
Adaptation brightness / 
footilamberts 
Index of sensation M 
Ti. Circular Test Source 
Observed brightness 3B 
footlamberts 
Index of sensation M 
Difference between indices 
of sensation M, per cent 


indicate that the proposed method of applying 
the BCD concept of adding the individual solid 
angles and using the position index of the source 
closest to the line of vision produces values that 
agree with experimentally determined indices of 
sensation 


Sinee the BCD concept seems to be readily ap 


plicable to lighting installations, it appears desir- 
able to be able to assign some significance to nu- 
merical values of the index of sensation. An analy- 
sis of data obtained with a group of 50 observers 
indicates that the distribution of BCD brightnesses 
and the corresponding indices of sensation) se 
lected by them followed a normal probability funce- 
tion. From these data the relationship was devel- 
oped to illustrate the number of observers who in- 
dicated the index of sensation M to be greater 
than a specific value for a given source brightness. 
This 


chart, can be used to predict the probable per cent 


relationship, shown in the accompanying 
of a given group who would be expected to judge 
a specific combination of source size, position and 
brightness and the adaptation brightness to be at, 
or more comfortable than, the borderline between 
comfort and discomfort (BCD). For example, if 
¥ is equal to 160, only about 10 per cent of a group 
could be expected to be comfortable. On the other 
hand, if M is about 40, 95 per cent would be ex- 
pected to be comfortable 


( Abstract of ] E SN. 1951 Conterence Paper No 10) 


The Effect of Spectral Composition of Illumination 


On Visual Performance 


NV ANY STUDIES on the visual acuity of the 


eye using illumination of various colors have 


been reported. Konig,’ Roaf* and others concurred 
in the finding that visual acuity & at its lowest 
value using blue light and is lower for red light 
than for radiations around the middle of the visible 
spectrum. Schlaer, Smith and Chase,* using the 
Landolt C 
the same acuity using white, red, yellow, and blue 
lights 
little when lights of different colors were used 


test character, obtained substantially 
Hartridge* found visual acuity to vary but 


The results of these experiments using, in the 
main, single “pure” or “spectral” colors (mono 
chromatic illumination) give no information con 
cerning the visual effectiveness of mixtures of such 
colors. Allen and Schwartz® have pointed out that 
light of one color may stimulate or inhibit the 
response to another color. Thus, it is possible that 


any mixture of spectral colors may give rise to 


Authors: Dept. of Physiological Hygiene, School of Hygiene, Univ 
of Toronto, Toronto, Canada. Work supported by a grant from the 
Research Fund, Illuminating Engineering Society 
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complicated inter-actions which cannot be pre 
dicted on the basis of studies using monochromatic 
illumination. This hypothesis receives some sup 
port in the findings reported by Simonson and 
Brozek® and by von Bahr.* 

The present work was undertaken to assess sepa 


rately and compare the visual effectiveness of white 
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produced by a source with a continuous spec 


m and white light produced by mixing comple 


entary spectral colors of narrow band width with 


their relative intensities adjusted to yield white 


rhit 
Visual ac ity was measured using two mixtures 


monochromatic lights adjusted to give the sen 


white light and the results were compared 


those obtained using the white light from a 


entrated (zirconium) are lamp, and from a 
t 


fluorescent (white or daylight) lamp 


Three projection lanterns were designed and 


It. each one housing a 100-watt coneentrated 


lamp and equipped with inter 


These 


arranged to cast their beams on the 


onium are 


eable monochromatic filters lanterns 


same 
rear surface of the transparent test 


lanterns could be used singly (mono 


itic illumination), or in pairs (dichromatie 


three (trichromat illumination) lanterns 


used simultaneously Ceneo filters were 
to give monochromatic lights of the fol 
yellow 540-670 


560-700 1v 


colors and band widths i 


blue green 450-600 ill) orange 


en 5900-600, (v) blue 420-510 mu.; (1) and (i 


to produce the dichromatic, and 


employed 


and (vy) the trichromatic illumination 


types of illumination were supplied by 


100-watt entrated (zirconium are 


ine fluorescent lamp (white 


distribution curve for the zireonimm 


ontinuous. and that for the fluorescent 


aks of the mereury spectrum super 


TABLE I.—Latin Square 


3 


imposed on the relatively continuous spectrum of 
the various fluorescent materials in the phosphor 
That of the dicromatic illumination showed two 
peaks and the trichromatic three, in accordance 
with the filters used 

The test objects were photographically produced 
in the form of lantern slides with the Landolt 
broken ring as the test character, the break or gap 
being the point of critical detail. The slides were 
made in a descending series with respect to the 


size of the test character. The largest test charac 
ter was 2.5 mm. high with a gap of 0.63 mm. which 
was reduced serially so that the gap dimension de 
creased by approximately 0.04 mm. for each sub- 
sequent slide of the series 

The viewing screen was an opal glass plate in 
stal'ed as a window in the wall which separated the 
subject from the light sources. One slide at a time 
was placed in the special carrier inserted in the 
ot the 


The resulting circular aperture was 52 mm 


center round door covering the viewing 


screen 
in diameter and was viewed using both eyes, with 
natural pupils, at a distance of three meters. The 
brightness of the test object set up in this manner 
was standard’zed at ten footlamberts for the area 
in and around the test character which itself ap 
peared black with a bright gap (critical detail) and 
central region. The spectral energy at the front 
surface of the test object was measured over the 
visible spectrum with an adjustable monochromatic 
photometer (the Cenco-Sheard spectro-photelome- 
ter) in conjunction with a direct current amplifier 
and galvanometer. The brightness of the major 
surround (visual field around the test object) was 
kept constant at two footlamberts 

Each of asked to 


vhich of eight possible positions was occupied by 


four subjects was identify 


the gap in the ( carried by the test object as the 


slides were changed to reduce the visual angle sub 


tended by the test character. Four spectrally dif 


ferent types of illuminations were thus tested. A 


four by four Latin square design, as shown in 


Table I, was set up for each experiment and re- 


sulted in a different order of presentation of the 


TABLE II.—Analysis of Variance 


Mean 
Square 


Sum of 


a4f Squares f ratio 


significant 
not significant 


not significant 
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four types of illumination to the four subjects. This 
technique balances out the effects of learning and 
unknown extraneous variables which might alter 
from session to session. The method permits the 
separate treatment of the data for the assessment 
of order effects, illumination effects and inter-sub 
ject differences using the “Analysis of Variance.” 

The “Analysis of Variance,” as summarized in 
Table Il, showed no significant difference in visual 
acuity with the four spectrally different types of 
The 


while, as 


illumination tested order of presentation 


showed no significance, would be ex 
pected, inter-subject differences were significant 
These results suggest that the spectral composition 
of white light is not a factor in visual acuity. An 


extension of the study described is now being cat 


Work, Vision and Illumination 


effect of illumination on visual performance as 
background for establishing illumination codes, are 
The available codes lack for 


A PPROACHES and results concerned with the 


critically reviewed 
the most part proper experimental basis, which re 
sults in largely arbitrary This 
is demonstrated by the trend in illumination codes 


recommendations 


in the past decades and by the marked discrepan 
present British 
illumination The five-fold 


increase in recommended illumination levels from 


cies between the American and 


codes approximately 
1910 must be explained by absence of adequate 
data and by a different interpretation of the avail 
able results. The British recommendations refer to 
90 per cent of attainable performance and are 


substantially lower than the American codes re 
ferring to “ideal” illumination conditions which 
are frequently interpreted as the marimum illumi 
nation that can be provided. The American codes 
give actually the upper limit of inadequate illumi 
nation. The underlying principle of the American 
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Minnesota, Minneapolis, Minn 
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ried out to further test the validity of this gen- 
eralization 
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Abstract of 1.ES 


ta Ophthalmologica 


‘onterence Paper Vo. 36) 


Ernst Simonson Josef Brozek 


that with the inerease of 


illumination an optimum is reached in performance 


codes iwnores the fact 


and fatigue trends of visual functions. It is sug- 


gested to give both lower and upper limit of the 
range of acceptable illumination in future codes 
The approaches to the study of illumination and 


visual work are subdivided as follows: 


Tests ‘ Visibility visual acuity, visibilome 


Brief 


ter; (b recognition of details 


Visual Performance 
Visual Funetions 
Visual Funetions 
Industrial Work Performance 

Miniature 


Practical Experience 


Fatigue Trends is 
Fatigue Trends in No 


Work Situations 


The advantages and limitations of each approach 
are critically diseussed with reference to examples 
of experimental results. The most frequently used 
approaches to arrive at recommendations are (1 
and (6 


but unfortunately, they are the least reli- 
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able. There is good evidence that prediction of 
prolonged performance from brief tests is ques- 
tionable. Practical experience is valuable but does 
not providea proper scientific basis. Theoretically, 
fatigue trends in visual functions should provide 
a reliable definition of visual fatigue and a suitable 
basis for illumination codes, but the actual mate 
rial is still seanty and, in general, disappointing 
Fatigue trends in non-visual functions, such as 
blinking rate, heart rate, and muscle tension, as 
well as industrial work performance, are easily in 
terfered with by numerous incidental factors and 

ynditions, such as emotion or change of motiva- 
tion. Miniature job situations reproduce essential 
features of industrial work under controlled lab 


Ad 


D. A. Toenjes 


Kirk M. Reid 


Appraisal of Discomfort Glare 
On Lighted Streets 


ie THERE a relation between the discomfort 
caused by glare from street lights and the verti 
cal footeandles incident on the eye of the motorist? 
If so 
useful in predicting the degree of comfort to be 


is the relation sufficiently definable to be 


expected from a proposed street lighting installa 
tion’ And what is the relation between discomfort 
and the interference with seeing caused by such 
glare 

Too little is known quantitatively of factors af 
Hence 


a program of studies of this subject has been out 


fecting discomfort glare in street lighting 


lined and is sponsored by the Research Subcom 
mittee of the I.E.S. Committee on Street and High 


Lhstrac ts 
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oratory conditions. In the work of the authors, 
performance in a miniature job situation was 
shown to be superior as criterion for illumination 
conditions to most of the other visual tests simul- 
taneously applied. A disadvantage of miniature 
job situations is the fact that they often require an 
elaborate and costly set-up. As an ideal approach 
for future research the combination of miniature 
job situations with fatigue trends of visual fune- 
tions, and possibly non-visual functions, together 
with subject ratings, is recommended. There is 
an urgent need for further research and coopera- 
tion of the various groups interested in vision and 
visual work. 

(Abstract of 1.E.S. 1951 Conference Paper No. 35) 


way Lighting. The program includes both labora- 
tory and field studies which, in later steps, ap- 
proach similar conditions. The Putnam-Faucett 
paper (see page 474) reports the beginning of the 
laboratory work. The first field studies are re- 
ported herein. 

Procedure.—Appraisals of discomfort glare were 
made while driving under 31 widely diversified 
street lighting installations in Cleveland. There 
were 10 “glare appraisers”—from Case Institute of 


Technology, the Nela Park Engineering Depart- 


04 


a 








° 


1 1 1 1 — & 
3 4 5 6 7 
APPRAISAL RATING 


FOOTCANDLE RATIO 


Figure 1. Cleveland arterial test streets. Averages of the 

footcandle ratios for each individual comfort-discomfort 

appraisal rating number, shown as a function of the 
appraisal rating numbers. 
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TABLE I.—Comfort-Discomfort Appraisal Rating 
Numbers. 


Pleasant—not noticeable as glare 


Barely comfortable 

Borderline between comfort and discomfort 
Mildly uncomfortable 

Uncomfortable 

Sharply uncomfortable 

Intolerable 


ment, the Cleveland Electric Illuminating Com- 
pany and the City of Cleveland. Measurements 
were made throughout each installation, with the 
Taylor-Pracejus Illumination Recorder, of hori- 
zontal illumination near the pavement and of ver- 
tical illumination at the eye position of a represen- 
tative motorist. Street Lighting Evaluator mea- 
surements of pavement brightness, obstacle bright- 
ness, and veiling glare were also made. 

Summary of Conclusions 

1. The great majority of our street lighting is 
glaring, in varying degree from mildly uncomfort 
able to sharply uncomfortable. 

2. There appears to be a general relation be 
tween comfort-discomfort appraisals (see Table I) 
and vertical footcandles on the eye provided hori- 
zontal footcandles on the pavement are taken into 
account as an index of field brightness. See Fig. 1 

3. Similarly, there appears to be a general rela- 
tion between comfort-discomfort appraisals and 
Evaluator measurements of veiling glare, provided 
pavement and obstacle brightnesses are taken into 


account as an index of field brightness. See Fig. 2 


Seeing Against Headlamp Glare 


VEN the “experts” do not agree as to the best 
answer to the motor vehicle headlighting prob- 
lem. That there still is a problem is attested by 
the amount of tinkering with 
headlamps with object of alleviating glare. Un 


factory-installed 


doubtedly glare is the attribute of motor vehicle 
headlamps of which people are most conscious 
However, in their attempts to overcome the annoy 
ance of glare many designers overlook the funda- 


Authors: General Electric Company, Lamp Department, Nela Park 
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EVALUATOR RATIO: 
° 


Figure 2. Cleveland arterial test streets. Averages of the 

Evaluator ratios for each individual appraisal rating num- 

ber, shown as a function of the appraisal rating numbers. 

The weighted field brightness, in the ordinate, is the sum 

of 70% of the average pavement brightness and 30% of 
the average obstacle brightness. 


4. The results of this study hold promise that 
factors affecting discomfort glare in street lighting 
can be dealt with quantitatively. 


(Abstract of I.E.S. 1951 Conference Paper No. 28) 


Val Roper G. E. Meese 


mental requirement that headlamps should provide 
seeing distances somewhat in excess of stopping 
distances for normal driving conditions. Unfor- 
tunately even the modern sealed beam headlamps 
do not provide such seeing distances for many 
driving situations. The 


regularly encountered 
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Figure 1. Seeing distances while driving on two-lane road 
Road width: 21 feet. Car speed: 40 MPH. Obstacle: 16 
inches square with 8.5 per cent refiectance 


reasons (aside from physiological factors such as 


poor evesight and fatigue) are insufficient inten 
sities of light directed far enough ahead, and veil 
ing glare from approaching vehicles 

The chief objective of the research reported in 
this paper was to determine whether any practical 
combination of upper and lower beam patterns 
properly used could be evolved which would close 
up present gaps between stopping and seeing dis 
tance values. The use of the new Taylor-Pracejus 
Illumination Recorder facilitated seeing distance 
measurements with observer drive rs and provided 
a simultaneous record of footeandle-intensities at 
the driver's eve from opposing headlamps 

Fig. 1 shows a seeing distance curve for the con 


ciitton of 


approa hing and proceeding bevond an 


NO ATTENTION FACTOR aPPL\ED 
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Figure 2. Seeing distances while driving on two-lane road 
Road width: 21 feet. Car speed: 40 MPH. Obstacle: 16 
inches square with 8.5 per cent reflectance. 


oncoming vehicle travelling at the same speed and 
with the same sealed beam headlamps of current 
manufacture. Fig. 2 shows a similar curve with an 
experimental lower beam. These data indicate that 
an alteration of the lower beam providing higher 
intensities nearer the top right side of the beam 
pattern will produce increased seeing distances de 
spite a moderate increase in glare values 
Additional data presented in the paper show the 
relation between footeandles at the eye from oppos- 
ing headlamps and per cent clear road seeing dis 
tance. These should be of assistance for the caleu- 
lation of the amount of separation required be 
tween lanes to permit the use of an upper beam at 


all times 


Abstract of LES. 1951 Conference Pape No. 30) 


The Evaluation of Visual Comfort Data 


H. L. Logan A. W. Lange 
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HIS PAPER attempts a workable correlation 
of Holladay’s, Luckiesh and Guth’s, Harrison’s, 
Moon and Spencer's and Petherbridge and Hopkin- 
son’s data on visual comfort 
BCD Curves.—Fig. 1 shows curves of equal re- 
sponse (referred to in the literature as “BCD” 
curves) prepared from the data of the investigators 
mentioned above, and plotted in relation to source 
brightness and source size. The brightness is in 
footlamberts and the source size (“Q”) is in per 
centage of the field of view 


The 10-Footlambert Threshold.—The Holladay, 
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KORANGE OF ARTIFICIAL LIGHTING INSTALLATIONSS) 





Figure 1. Summary of visual com 
fort evaluation data. The encircled 
numerals are footlamberts and lo- 
cate the various approximations of 
comfort-discomfort thresholds for 
the adaptation levels shown. 
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Luckiesh and Guth, Petherbridge and Hopkinson, 
and Harrison adjusted 10-footlambert threshold 
curves agree closely between Q = 0.04 and Q l 
Fig. 1 The theoretical Moon-Spencer 10-foot 
lambert curve passes through the other curves at 
the point where they also all agree, viz., Q 0.4, 
so this point seems well established. However, the 
divergencies between the curves at the other levels 
prevents a satisfactory determination of their loca 
tion without additional data 

The 1000-Footlambert BCD Threshold The 
1000-footlambert 


location of the threshold was 


established from data in the records of natural 


VISUAL COMFORT CHART 
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lighting investigations made by the writer over a 
period of fifteen years 

Location of the BCD Thresholds.—As the vari- 
ous workers are in close agreement on the 10-foot- 
lambert threshold, and as the downward extrapola- 
tion of the Petherbridge and Hopkinson 10-foot- 
lambert curve met theoretical objections the others 
did not meet, the P & H curve was adopted for 
this level. The principle of logarithmic relationship 
between the various levels was established by Hol- 
laday, and confirmed by succeeding investigators, 
even though they disagreed as to the precise log- 


arithmic spacing. Therefore, as the evidence for 


Figure 2. Observations taken from 
fields of view in nature to establish 
the F 1000 Ft-L threshold. 
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the location of the 10-footlambert and the 1000 


footlambert thresholds was strong, the logarithmic 
spacing that was dictated by fixing these two was 
adopte d for the other thresholds 
The 


omfort chart is given in Fig. 2 


Visual Comfort Chart resulting visual 

When an engineer using the Luckiesh-Guth posi 
tion indices equates the different glare brightnesses 
in the field of view to one glare source on the line 
of sight. and locates this figure on the visual com 
find the 


preted as a percentage of the BCD threshold for 


fort chart he will glare situation inter- 


the field of view in question. If the engineer will 
then locate this “percentage of BCD” figure on 
the “Plot of the Scatter of Observer’s Comfort- 
Discomfort Responses,” (given in the paper), he 
will learn what percentage of observers are likely 
to give a comfort response 

This technique permits an engineer to pre-deter- 
mine the probable comfort responses of the users of 
a proposed lighting installation when it is in the 
drawing board stage, and a practical example is 
worked out in the paper. 


(Abstract of L.E.S. 1951 Conference Paper No. 20) 


The Threshold of Discomfort Glare at Low Adaptation Levels 


Russell C. Putnam Robert E. Faucett 


HiiS PAPER presents a fundamental study of 
the borderline between visual comfort and dis 


comfort when the glare source is very small and 
the eve 


The 


ciscomfort 


is adapted to low brightness levels 
work on the borderline of comfort 
BCD 


nent to this study 


recent 
by Luckiesh and Guth is perti 
Their work deals with adapta 
tion brightnesses of from 1.0 to 100 footlamberts 
and glare source sizes from 0.0001 to 0.013 steradian 
which are in the ranges of ordinary indoor seeing 


tasks. The 


follows their laboratory technique very closely but 


investigation discussed in this paper 
deals with adaptation brightnesses of 10 to 0.001 
footlamberts and glare source sizes from 0.0011 to 
0.000001 the condi 
The 10 and 1 


lambert adaptation levels are common to the two 


steradian which approximate 


tions found in street lighting foot 
nvestigations 


For a glare source on the line of sight and of the 


ute of Technology, Cleve 
Technical Development and 


Indianapolis, Indiana 
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Luckiesh and Guth 


the comparison of results of the 


that 
0.0011 steradian 
present study with the extrapolation of Luckiesh 


same size as used by 


and Guth’s work shows close agreement (Fig. 1). 
The curves are parallel and can be explained by 
CF*** where B 
represents the brightness of the glare source at the 
discomfort, F 
represents the brightness of the general field of 


the same empirical equation, B 


borderline between comfort and 
view to which the eyes are adapted and C is a con- 
stant. The important and highly significant aspect 
of the comparison of the results of these two inves- 
tigations is that the experimental curves are paral- 
lel and the exponent of F is the same. This shows 
that 


which differed greatly in background and experi- 


the two independent groups of observers, 
ence, appraised the change in BCD with change of 
adaptation brightness at exactly the same rate. 
When smaller glare sources are investigated and 
the results plotted for a constant adaptation bright- 





ADAPTATION BRiGe THES (F 


Figure 1. Comparison of the results of various researches 
for a source size (Q) of 0.0011 steradian. 
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ness, the BCD brightness does not vary linearly as 
would be indicated by extrapolation of previous 
investigations. As the glare source becomes smaller 
than 10~-° steradian, the BCD brightness of the 
glare source becomes greater at an increasing rate 
(Fig. 2) 

It is significant that the curvature of BCD 
brightness of source curves upwards for small 
source sizes in this investigation and downward for 
large source sizes as reported by Luckiesh and 
Guth whereas in the region where the two overlap 
the results are straight lines with the same slope 
This is in agreement with practical experience that 
considerable brightness can be tolerated without 
discomfort if the sources are small whereas the 
brightness must be kept relatively low for large 
light sources if comfort is to be maintained. 


These 


adaptation brightness are important in seeing on 


factors of small source size and low 


the highway at night. In order to apply these data 


completely and practically many other factors 


such as the effect of a number of sources, position 
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Figure 2. The relationship between BCD brightness and 
size of source for three different adaptation brightnesses. 
The sources are located on the line of sight. 


of the sources in the visual field, non-uniform 


adaptation brightnesses, ete., must be investigated 
and integrated with these results. 
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From the Session on 


Aviation Lighting 


David Alsher 


Fred R. Brown 


Visual Problems 
In Aircraft Lighting 


Brewer ecacnr pees develo 
nterior and exterior a 


rred during the past years The 


lighting has oe 
psycho 
of e ertinent 


aspects visibility 


been studied our laboratory 


investigations 

ew of achieving maxi 

and. at the same time 
adaptation The relative merits 
false panel lighting and the stand 

iltra-violet floodlighting for instrument dials 
compared for interference with dark adapta 
At operationally useful levels of brightness 
Was quicke r detection of targets after expo 


to the red panels. Data obtained with a Hecht 
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Schlaer Adaptometer also showed that, under these 
conditions, dark adaptation was better preserved 
by red lighting. Preference by a majority of pilots 
in a joint Navy-Air Force evaluational flight tour 
also was in favor of red lighting 

Development, then, of aireraft cockpit lighting 
red-filtered 
Studies were made of legibility with 


proceeded in terms of incandescent 
lighting 
minimum amounts of light flux. Data showed that 
indireet lighting was preferable to floodlighting 
for the attainment of optimum legibility with the 
least possible amount of flux. A form of indirect 
lighting in the case of panel instruments is the 
localized lighting of the dial face by shields con 
taining small rec. bulbs. For control panels plastic 
plates with negative prints in black applied over 
translucent white layers allow for markings to ap 
pear white on a black background in daylight and 
for trans-illumination with red light at night 
Another approach toward achieving optimum 
legibility was in improving design of markings, 
letters and numerals. Size, brightness and form 
were studied in a series of tests conducted with 
subjects in a special light-tight enclosure. A series 


of numerals incorporating experimental findings as 


Figure 1. Aircraft Cockpit Instrument and Control 

Panels. Instruments are illuminated by individual light- 

ing shields. Control panel is transilluminated. A small 

amount of general floodlighting highlights the knobs and 
switches 
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to optimum style, width to height ratio, and stroke- 
width to height ratio were devised. Evaluation 
tests indicated them to be more legible than two 
other widely accepted styles not only for transillu 
mination use but also for daylight. Subjective tests 
were run on the effect of red floodlighting supple 
menting high contrast indirect red lighting. A feel 
ing of comfort resulting from improved orientation 
in the cockpit was demonstrated to result when a 
small amount of red floodlighting of the cockpit is 
employed in combination with transillumination 
of the cockpit displays at a sufficient brightness, 
about 40 micro-lamberts. A second major phase of 
aircraft lighting is that of exterior lighting. A 
series of experiments included simulated flights in 
Link Trainers and actual flights for study of auto 
kinetic effects, recognition of aircraft attitude, ete 
Based on these experimenta! results, a pattern of 
wing tip, tail and fuselage lights was devised. For 


mation Flying presents a special lighting problem 


in military aviation. Special lighting for strue- 
tural delineation has been tested and recommended 
for this purpose. 

In our laboratory stellarium studies are being 
conducted to furnish psychological data on recogni- 
tion time for exterior lights against star back- 
grounds. The data will be used to recommend flash 
rates and intensities for exterior lights, especially 
for those used in high speed aircraft where visual 
detection problems are critical 

Landing signal lights for indication of an air- 
craft’s attitude have been devised to aid the Land- 
ing Signal Officer on a carrier deck in interpreting 
the approach of the aircraft during both day and 
night. Red, amber and green lights furnish indieca- 
tioins of the aircraft’s approach condition. Inten- 
sities, beam angles and color distinctiveness of the 
approach light are being studied and improved 
models are being developed 

tbstract of 1.E.S. 1951 Conference Paper No. 41) 


Visual Aids for Airport Ground Traffic Control 


A S STEADY progress is made toward accom 


plishing all weather flying on a routine basis, 
it becomes apparent that more guidance must be 
provided to aircraft maneuvering on the airport 
surface. The pilot must be enabled quickly to guide 
the aircraft off the runway under the severe seeing 
condition of low visibility. He must then be able 
to navigate to his destination (sometimes two or 
more miles away over winding taxi routes) with a 
minimum of instruction from the control tower 
operator 
Electronic aids will be used to detect and track 
the location of aircraft on the airport surface, but 
visual aids can indicate the taxiway intersections 
with the runway, can provide navigational guid 
ance along the taxiways, and can provide traffic 
control signals. This paper concerns itself with the 
immediate need of taxiway entrance signs, and 
route marking signs 
A basie factor in the design of both taxiway 


Author 
Authority 


Airport Engineering Divisio r The Port of New York 
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Martin A. Warskow 


Figure 1. Interior of experimental taxiway entrance sign. 
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entrance signs and en route signs is the legibility 
distance required. A conservative analysis of air- 
eraft stopping distances and aircraft taxi speeds 
establishes that the minimum legibility distance 
required is 400 feet 
vided with 10-inch letters 


This legibility can be pro- 


Since the most urgent need for visual aids in 
ground traffic control is for taxiway entrance signs, 
experimental work was started on this problem. In 
addition to legibility, here an easily discernible 
target is required. The size of the entrance sign 
decided upon for experimental purposes at New 
York International Airport permitted the use of 
characters 18 inches in height which should serve 
well for attention catching 

Signs of the neon type, background lighted type, 
and lighted plastic letter type were installed. Day 
and night observations were made by many indi- 
viduals including the writer. The night visibility 
problem is complicated by the fact that the en- 
trance signs must be observed and read “through” 


a row of high intensity runway lights whose inten 


sity may vary from 100 to in excess of 20,000 
candlepower. 

From 
were drawn as to the type of sign, and its con- 
and installation. The accompanying 
photo illustrates the type of sign found best con- 
sidering all factors. 
currently under way on the use of reflective type 


these experiments, several conclusions 


struction 
Additional experiments are 


markers. 

Since the taxiway entrance and en route signs 
are navigational aids, they must be standardized 
on a nation-wide basis before any widespread local 
The establishment of 
these standards is the responsibility of the Civil 
Aeronautics Administration. The progress towards 
establishing these standards was discussed at the 


installations can be made. 


conference by Mr. B. A. Hemelt as a supplement to 
this paper. The proposed route marker systems 
are being installed, tested, and evaluated at the 
Civil Aeronautics Technical Evaluation and De- 
velopment Center, Indianapolis. 
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Are Present Lighting Aids Adequate 


For Private Flying? 


Robert C. Blatt 


\ pmed ARTICLES published and technical 
4 papers presented on the subject of aviation 
ground lighting deal with the lighting of the large 
They 


deal with the more glamorous side of airport light- 


air transport type of military landing fields 


ing—high intensity approach and runway lighting 
landings being made by large transport planes 
under poor visibility and low ceiling conditions 
Apparently very little consideration or thought 
has been given the private pilot in a small single 
engine personal type airplane who has ventured 
nightfall 
couldn’t find the airport before darkness set in? 


“eross country” after Or perhaps he 
Are there sufficient ground lighting facilities pro 
vided for him? 

Personal plane pilots are being driven away from 
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the large well lighted airports by heavy traffic and 
high landing fees. They are being forced to seek 
night landings at the small personal flying airports 

few of which have any lighting whatsoever. Most 
of those that are lighted have makeshift, “Rube 
Goldberg” or antiquated equipment. 

In an attempt to get the private flyer’s side of 
this picture a survey was conducted by the author 
among 50 private flyers who had done considerable 
night flying, representing a total of 13,137 hours 

night flying) by those who responded. 22 per cent 
had more than 500 hours of night flying; 48 per 
cent had from 100 to 500 hours and 30 per cent had 
100 hours or less of night flying. 

The results of this survey indicated that present 
lighting aids are definitely not adequate for pri- 
vate flying. 

In spite of the fact that 93 per cent of the pri- 
vate flyers said that airway beacons were helpful 
to them, the CAA has already extinguished about 
half of the 2000 enroute and intermediate field 
beacons as of January 1951. The CAA policy is 
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to retain short-interval beacon light spacing in 
mountainous terrain and in other hazardous areas, 
while increasing the distance between lights in 
level terrain. The CAA’s attitude is that the excel- 
lent radio navigational aids now available and the 
large number of airport beacons have made night 
navigation in level terrain relatively easy and safe 
for any pilot using a minimum of radio equipment. 

Although the standard CAA airport beacons 
were considered adequate by most of the private 
flyers, a large number favored the Army split 
beam type airport beacon having a greater dura- 
tion of white flash. 

Airport wind sock and wind tee lighting was 
generally considered poor while wind tetrahedron 
lighting was rated high. 

The lighting at large terminal airports was con 
sidered adequate by 78 per cent and the following 
types of field lighting were favored in this order 

First—High intensity runway lights 

Second 
Third 
Fourth 
Fifth 


Sixth 


Cone mounted strip lights 
Flush runway lights 
Boundary lights 
Floodlights 

Reflective markers 


For small private flying fields, the survey re 
spondents indicated an average of only six fields 


each they had visited having any field lighting 
whatsoever and an average of only two fields each 
They said that if these 
adequately 


having adequate lighting 
small private flying 
lighted for night flying, they could get an average 
of 46 per cent more utility from their planes. 


airports were 


Lighted directional taxiing signs at large ter 
minal airports were wanted by 93 per cent and 82 
per cent said that the blue taxi lights were helpful 
Personal aircraft instrument panel lighting was 
found inadequate by 63 per cent and 37 per cent 
said that their navigation lights were not adequate 
It was though by 45 per cent that navigation lights 
should flash 
landing lights were adequate but that they could 


It was the opinion of 70 per cent that 
always be more powerful. Cabin lights were con- 
sidered adequate by 67 per cent but only on the 
4-5 place planes. 

Most of the flyers had no experience with air 
eraft flares. About 30 per cent considered them 
adequate, but only if the pilot was thoroughly 
familiar with the proper emergency technique in 
using them. Many thought they were too danger- 
ous to keep in the plane 

Conclusion.—The whole future of private flying 
depends on getting away from the “sunset jitters.” 
The airlines didn’t achieve real utility until they 
started flying at night. The same applies to private 
flying. Adequate universal airport lighting is one 
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Figure 1. Homemade strip lights installed at small pri- 

vate flying airport at Deer Park, L. I. N. Y¥. consist of 

10-watt lamps in fruit jars set on peach baskets. Rubber 
covered wire feeding lights is laid on turf. 


Figure 2. Floodlight on airport building roof (at left) 
plus light signal gun comprises only field lighting at 
Christie Airport (N. Y.). Note unlighted wind sock. 


of the three necessary steps—(1) Twin engine 
planes, (2) Simplified instrument flying and (3 
Good lighting. 

The CAA has established standards for adequate 
lighting at private flying type airports and a num- 
ber of manufacturers have made suitable equip- 
ment available. Aside from the safety angle, there 
are many benefits to be derived from adequate 
small airport lighting — more utility for private 
flyers; more demand for private type airplanes; 
more business and increased profits for small air- 
port operators. 

It is strongly urged that private airport opera- 
tors, as well as municipal, state and federal agen- 
cies, provide more and better lighted airports for 
personal plane flying 


(Abstract of 1.E.S. 1951 Conference Pape r No. 43) 
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From the Session on 


Street Lighting 


How to Measure Pavement Surface Reflectances 


]. O. Kraehenbuehl mensions with a reasonable degree of speed and 
accuracy 


Fig. 1 shows a reflectometer built for making 


evelop some form of objective ; . - 
the measurements of a surface finish. A sample of 


pavement surfaces, whethnet : 
pavement (C), either new or worn, measuring 12 


t and highway lighting or for airports 
inches in diameter with a thickness equivalent to 


a specification it Is necessary to : . 
that of the pavement, is removed from the installa 


which rapid measurements a d 
tion. The sample is leveled at the datum plane of 


character of emission radiated 
the equipment having been adjusted for elevation 


hen it is illuminated by a light 


by the serew l The light source B). a 600-w 
ents must be made in three «i , 
military spotlight, is positioned on the specimen by 


the optical system (J) which is then removed 


Figure 1. Pavement Surface 
Refiectometer 
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A), whose solid angle 
subtension is restricted by baffles, is rotated by the 
motor (D 
latitude a record is made on an automatic 

F 
powerstats and regulators 
The 


and 


The arm carrying the cell 


As the cell moves in a horizontal plane 
at any 
recording potentiometer The voltage on the 
lamp is controlled by 


travel of the arm is limited by switches 


for adjustment to 20 volts and constancy 
M 
the interreflections are reduced to a minimum by 
the special shields (K) and (L 

The accuracy of the reflectometer is of an order 
equal to other methods in determining the emission 
2 shows the comparative data 
of mag 
12 The 


reflectometer curve and the curve determined with 


from surfaces. Fig 
three 


oxide 


for methods measuring a smoked 


nesium dise, inches in diameter 
considerable accuracy on a bar photometer are in 
very close agreement while that of the brightness 
meter, a practical rather than a precision device 
would be cons dered acceptable 

With the automatic recording reflectometer it is 
possible to take large quantities of curves in a rela 
This be 


sembled in various groupings for study. Since the 


tively short time mass of data can as 


study is of a three dimensional character the more 


reasonable assumption is that a three dimensional 
plot would be more effective in presenting the data 
3 shows the plotting of the “Brightness Co 


Fig 
efficient” for one position of the light source with 
in twenty degrees of the grazing angle of the sur 
It would require a number of these plots to 
the 


face 


the light reflection characteristics of 


describe 








"oe 


Brightness Meter 
Ser Photometer 
Pavesent Surface 


+ 
| 


T 


Brightness 


Relative 


Ty 


Gell Latitude (8) 
Figure 2. Comparison of results obtained when measuring 


a magnesium oxide disc by three methods. The source is 
six degrees above the grazing angle. 


pavement as several positions of the source would 
have to be considered 

The by J 
Bergmans is the ratio of the apparent brightness, 
to 


The sample dise is considered a sur 


brightness coefficient as described 


in footlamberts, the average illumination, in 


footcandles 
face source in calculating the “apparent bright- 
ness”’ from the ordinates of the reeorder curves 

15) 
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Figure 3. Iso-brightness coefficient plot of a wire-broom finished concrete sample with the light twenty degrees above 
the grazing angle. Coefficient values in percentage 


SEPTEMBER 1951 


Abstracts of Papers 1951 National Technical Conference 


481 





T. J}. Seburn 


HE TRAFFIC Engineering Division was given 
the responsibility for street lighting in Kansas 
City, Missouri in December 1944. During the early 
part of 1945, plans were formulated for a complete 
modernization of the City’s street lighting system 
including all major arteries, residential, and see- 
ondary streets. Illumination values were scheduled 
to meet the modern needs as recommended by the 
‘Iluminating Engineering Society. The plans and 
priority for relighting major traffic routes were 
based upon traffic and accident data maintained in 
the Traffic Engineering files while the priority for 
lighting residential areas was based upon night 
crime experience 
Orders were placed for equipment at the earliest 
date they were acceptable by the manufacturers 
World War II, and 


work was started on the installation of the new 


following the conclusion of 


ACCIDENTS PER MILE OF STREET 


Day 


BEFORE 


ia 


Figure 1 
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equipment early in 1946. This work has progressed 
steadily since that time and by the end of 1950, it 
was possible to make analysis of the accident ex- 
perience along almost 100 miles of routes that had 
been relighted for a sufficient time to study at 
least one full year of “after” records 

The analysis was made on a recapitulation of 
ever 8,600 traffic accidents reported before and 
after the lighting improvements were made, and 
show the following results : 


Night-to-Day Ratio. 


Type of Accident Before After 


53 to 1 


82 tol 


Property Damage 9 tol 
1.19 tol 
175 tol 


Injury 


Fataliiy 1.00 to 1 


It will be noted from the above that the greatest 


improvement is found in the more serious types of 


accidents. 

The accompanying chart shows a graphic presen- 
tation of some of the results of the study where aec- 
cident data were related to the miles of street and 


PERCENT CHANGE 





Accident comparison before and after lighting improvement. 
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further subdivided in volume classifications as set 
up in the Recommended Practice. Of significance 
is the bar chart on the right side of this figure 
showing increases in all classes in daytime and 
decreases at night. 

Similar studies were made in residential areas 
using records of criminal incidents such as molesta- 
tion, crimes versus nature, homicide, and auto 
theft. 
companion area of similar size that had not been 


in this study comparison is drawn with a 


relighted. The results were as follows: 


Night-to-Day Ratio of Crime. 


Before After 


3.1 to 1 


3.8 to 1 


Relighted Area 5.9 tol 
Unrelighted Area 1.2 tol 


Brightness Patterns 
On Pavements with Elongated Light Sources 


HE Public Lighting Commission has been ex 
perimenting for several years with several 
types of elongated light sources for street lighting 
in an attempt to improve visibility at night for the 
automobilist and pedestrian alike. It is believed 
that if an elongated light source of low brightness 
as compared with the point source luminaire could 
be placed transversely across the street, visibility 
would be materially improved during all conditions 
of pavement from dry to fully inundated. These 
conditions were approached by using several types 
of fluorescent installations 
The first installation was made in 1945 and oper 
ated for two years thereafter. This was a multiple 
circuit for fluorescent street lighting units placed 
along the curb, with the fluorescent tubes mounted 
vertically at an angle of approximately 45 degrees 
with the pole, thus directing the light to the center 
of the street. This installation proved very un 
satisfactory during the cold weather operation in 
spite of the fact that the tubes were enclosed in a 


protective tubing. The breakage was extremely 


Author: General Superintendent, Publ 


of Detroit, Mich 
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Street lighting in Kansas City is provided by 
the Kansas City Power and Light Company and 
our annual contract rate to the Company includes 
fixed charges as well as maintenance, operation, 
and power. The annual cost of the lighting im- 
provements will increase approximately $70,000.00 
for a comparable area of the City. According to 
figures from the National Safety Council, our light- 
ing improvements have already accounted for a 
saving of $455,000.00 per year in reduced night 
accidents alone 

This has been made possible by the use of mod 
ern equipment which has cut the annual cost of 
light delivered to the streets and sidewalks from 
$47.50 per thousand effective lumens to $12.80 per 
thousand effective lumens 
(Abstract of I.E.S. 1951 Conference Paper No. 34) 


L. J. Schrenk 


high and the installation was abandoned as it 
proved too expensive 

The second installation was an enclosed lumi- 
naire consisting of three 8-foot T-12 fluorescent 
lamps placed one above the other and connected in 
a series circuit through a special transformer. The 
luminaire was such that it gave no transverse or 
vertical light control. They were placed on 16-foot 
brackets with the nearest end of the luminaire 
eight feet from the curb 

The third installation was connected in prac- 
tically the same manner as installation #2, being a 
luminaires are 


circuit The fluorescent 


mounted in pairs on a ten-foot bracket with the 


series 


nearest end of the tube placed two feet from the 
eurb. Four 8-foot T-12 lamps are used, two in 
each luminaire with the luminaires placed at a 30 
degree angle with each other. The vertex of the 
angle is farthest from the curb. These luminaires 
contain Alzak reflectors, giving both transverse 
and vertical light control with asymmetric distri- 


bution 
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The study ts based on observations and photo 


graphs of fluorescent and modern filament street 


lighting installations On wet 


elongated fluorescent luminaires give reflected 


brightness patterns on the roadway that are much 
broader and cover a greater area than those from 
the more concentrated filament sources, with their 


relatively small light controlling auxiliaries (re 


flectors prismath glassware, et On dry worn 


pavements, where as a rule there is an element of 


specularity, the fluorescent units compare most 


favorably also. The design of the fluorescent lumi 
light control giving asym 
makes it 
This adds to the 


tires with appropriate 


light 


nount them 


metric distribution possible to 
with less overhang 
nt brightness near the curb, and makes the 
In addition, the 


of relatively 


pavem 
verall brightness more uniform 


fluorescent liminatre S 3 ara ource 


pavements, the 


low brightness, as compared with the typical fila- 
ment luminaire, and minimizes discomfort glare in 
the driver’s or pedestrian’s field of view 

The installation costs of the fluorescent lumi- 
naires are considerably higher than the modern 
filament street lighting ; however, due to the greater 
increase in light output per watt, the cost of the 
effective lumen per year on the street is slightly 
less using the fluorescent luminaire with light con 
trol 

The twin luminaire fluorescent installation with 
its asymmetric distribution, long light sources of 
low brightness, comfortable to the eve is a most 
promising step forward in providing visibility on 
more nearly ap 


both wet and dry pavements, 


proaching that under daylight conditions 


(Abstract of LES. 1951 Conference Paper No. 32) 


A Small Portable Street Lighting Evaluator 


G. A. Horton 


visibility provided by 


lighting 


ie DETERMINING the 
given 


stre r highway 


system it 


essarv to ¢ | the following factors 


In the instrument described, the street lighting 
installation is observed through a telescope having 
a very large field and a 1:1 magnification system so 
relationships between different 


that the angular 


objects in the field of view are not altered. In the 
focal plane of the eyepiece is a transparent dise 
upon which is a discontinuous neutral wedge con 
sisting of a series of dots of proper size to subtend 
than the test object 


slightly greater solid angle 


at a 2O0-foot test distance A test object of average 


human size and of average reflection factor for 
normal winter clothing is used. The dise is rotated 
until the spot which brings the object to threshold 


against its background is found. The visibility of 
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the object may then be expressed in terms of wedge 
density and thus comparisons may be made between 
different installations. Test stations are usually 
taken at 30-foot intervals in each traffic lane. The 
height of the instrument above the street is about 
five feet or approximately the same as the viewing 
From the 


made of 


position of the driver of an automobile. 
determinations may be 
The instru- 


measurements, 
average and also minimum visibility 
ment is small, compact, easily portable and an elec- 
trical supply is not required. The practical design 
of this instrument permits the eye to function 
under almost the same conditions as encountered 
on streets and highways, that is, pavement bright- 
ness, object brightness and glare brightnesses are 
all taken into account so that the fundamental re- 
quirements are largely satisfied 

Results are given of measurements made on dif- 
ferent types of street lighting installations 

The design of the instrument is such that its use 
is not necessarily restricted to street lighting. 
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From the Session on 


Residence Light 


The Photography of Residential Artificial Lighting Effects 


HE PHOTOGRAPHY of residential lighting 
effects presents special problems for at least 

four reasons 1) the wide range of brightnesses 
‘commonly encountered; (2) the lack of uniformity 
of brightness patterns within the subject; (3) the 
relatively low order of the brightnesses of the 
walls, floors and parts of the furniture, and (4 
the need for a reasonably accurate pictorial repre 
sentation having artistic merit 

Too often dramatic lighting effects are portrayed 
that never exist in the subject except for the dura 
tion of the photographer's lighting setup of spots 
and floods and the negative exposure. When a sub FE. W. Commery T. Knowles 
ject interior has a lighting design of its own that 
is worthy of photographie reproduction, much of 
its effectiveness can be photographed without un 
due use of contradictory, extraneous photographic 
lighting 

This paper summarizes the behavior of certain 
selected photographic materials especially suited 
to the problem. A system of brightness measure 
ments and specific methods are described. The 
effectiveness of the system is critically analyzed 
through a group of photographs that have been 
made of carefully selected situations. Each of the 


Figure 1. The dominant lighting of the table top, the 
details of the fixture and the overall softness of the gen 
eral lighting are the objectives of this photograph. The 
excess brightness of the fixture bowl is reduced with 
tracing paper liners. The extreme brightness of the 
center downlight lens is separately controlled by placing 
a Polaroid filter in the center of the fixture and on the 
camera lens. Very low fill-in lighting is reflected from 
large cloth sheets on each side of the camera. The expo 
sure made at f/16 with Super XX film is in three parts 

10 seconds for the bowl and downlight of the fixture; 20 
seconds for the downlight alone, and five seconds for the 

fill-in lighting 
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situations photographed was chosen to illustrate an 
overall approach to the problem and to illustrate 
how differing lighting and furnishing situations 
were handled. Through the relationships of sub- 
ect brightness throughout the interior and the 
related negative densities, the achievable results 
All necessary adjustments 


ure closely predicted 


of excess or inadequate brightnesses are readily 
determined from a single basie graph. A second 
graph permits the estimation of the various reflect- 
ances of all parts of the print at the time the 
subject is being adjusted for the taking of the 


pict 


Tables of data supply values of subject bright- 
nesses, exposures and resulting negative densities 
for each of the photographs studied. These data 
show the dependability of the values incorporated 
in the graph from which the lighting exposure 
adjustments for each photograph were determined. 
The fine qualities of the effects to be photographed 
are maintained at a high level. Familiarity with 
good camera techniques and darkroom procedures 
is assumed since the quality of photograph being 
sought is at the level of the professional or the 
skilled technical amateur. 

(Abstract of 1.E.S. 1951 Conference Paper No. 4) 


A Basis for Predicting General Room Illumination in the Home 


_ 
Priscilla Presbrey 


Edith L. Buchholtz 


THER factors than efficiency and general illu 

mination levels commonly govern the lighting 
of a home. However, it is often advantageous to be 
able to predict the approximate footeandles of 
general lighting that will be provided by a given 
luminaire in a given room in the home. Heretofore, 
very little of the necessary information for such 
caleulations has been available. The present paper 
supplies coefficients of utilization for many of the 
most common types of residential general lighting 
luminaires, thus making possible the use of the 
standard lumen method of calculating average illu- 
mination throughout a room. The fixtures selected 
include suitable equipment for each type of room 
in the home. For the most part the luminaires are 
of good lighting characteristics and acceptable 


styling, although a few less desirable units are 


Ligt 
tor Bloomfield, N. J 
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included by virtue of their present widespread use. 

The body of the paper consists of coefficient of 
utilization tables for forty residential fixtures, to- 
gether with candlepower distribution curves and 
efficiencies. The coefficients of utilization were cal- 
culated by means of the conventional Harrison and 
Anderson method from photometric measurements 
obtained in the laboratory or otherwise available. 
The data represent typical luminaires of the kinds 
chosen, rather than specific luminaires. As with 
calculations for commercial or industrial lumi- 
naires, the choice of coefficients to be used for a 
given fixture should be made on the basis of dis- 
tribution of light and efficiency, not by appearance 
alone 

In view of the current decorator trend toward 
dark walls and ceilings, it seemed desirable to in- 
clude coefficients for ceilings and walls of lower 
reflectances than are commonly given for commer- 
cial and industrial equipment. Columns for 30 
per cent ceiling and 50 per cent wall, and for 10 
per cent ceiling with 50, 30 and 10 per cent wall 
were therefore added to the usual table. No specific 
recommendations for maintenance factors are 
given; allowance for depreciation should be esti- 
mated on the basis of existing conditions. 

The room index table commonly used for com- 
mercial and industrial installations also needed 
some modification for application to residential in- 
teriors. The usual table has been altered by adding 
indexes for lower ceilings and some smaller rooms, 
and by omitting rooms of dimensions not appli- 
cable in the home. 

Because of the variable colors and patterns in 
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Etched Glass, Ceramic Design, 
Center Lens 


A. Luminaire and distribution curve for Table A below. 


ation a 


Ceiling 


Light Sources Walls 
Room 
Index 


A 


4 40-W A-19 and 
1 75-W A-19, 
All Horizontal 


} 35 

4 Lamps, F > 5 2 39 
42 
48 45 

51 49 47 

54 51 49 


Etched Giass, Ceramic Design 


B. Luminaire and distribution curve for Table B below. 


Refiectances 


50° 
30 1 50° 


Coefficients of Utilization 


5 14 


a+ 


1 
1 
2 
9 
9 


2m wwe ee 


to 
"@QVe wre 


te to 


42 39 
44 45 
46 44 41 


One incandescent and one fluorescent luminaire are shown with their tables as samples giving coefficients of utilization. 
In the paper forty units are given. 


wall treatments, fabrics, and floor coverings, and 
because of the small rooms in which the effect of 
furnishings, wall openings, and irregularities is 
relatively great, the lumen method can probably 
never be applied as accurately in the home as in a 


schoolroom or a large office. However, the infor- 


Current Goals—Hibben Continued from page 4 


18 leisure years (most of which is under artificial 
lighting) or to sleep peacefully his 19 years! 
Almost from birth Mr. Average Man finds his 
physical “seeing system” depreciating at a rate of 
Without 


“eye crutches” or reading glasses (spectacles) he 


approximately three per cent per annum 


would be half blind after reaching maturity and 
even with the best known optical aids and regard- 
less of his general social classification or environ 
ment, he finds that his ability to see decreases much 
faster than almost any other bodily function! 
Today he knows of very little that can improve 
the seeing processes in the cortex of the brain, nor 
of the optic nerve nor in the retina or other parts 
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mation presented in this paper may prove a useful 
guide to the illuminating engineer or lighting spe- 
cialist confronted with the problem of determining 
the fixture capacity required for specified general 
lighting levels in various residential interiors 


(Abstract of 1.E.S. 1951 Conference Paper No. 25) 


of the eyeball. Thus Mr 
better lighting as almost his only hope for the 


Average Man turns to 


easement of today’s mounting strains on vision. 
He may well be alarmed when he contemplates 
what may happen to sueceeding generations should 
good lighting not come to their aid before natural 
evolution can reverse this tendency towards loss 
of visual acuity or indeed essential blindness 

It is to this man that we must dedicate the serv- 
No 
individual alone, least of all your President, can do 


ices of the Illuminating Engineering Society. 


much more than to encourage the continuous fine 
feeling of coordination and cooperation within the 
This is 


Society and its officers will be your willing servants. 


ranks of the Lighting Fraternity your 
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Proposed Designs for Lighting Education 


In Home Economics Colleges 


Kaye A. Leighton 


HE EXPANSION of Home Economics Eduea Management House have been made. These five 
tion to include Home Furnishings, Housing rooms are herein illustrated to show how the meth- 
and Equipment has brought about an intensified od of “Visnal Planning” will bring about a nat- 
interest in the teaching of lighting education. The ural co-ordination of the individual with all of the 
present need within this field of education is for factors which compose an indoor environment 
demonstration materials and not too costly demon The developing of “Visual Planning” as a con 
stration centers. That these two factors could be sistent part of Home Furnishings, Housing and 
combined satisfactorily is the purpose of this paper Equipment teaching is a new concept offered for 
Extensive studies of five rooms typical of a Home the consideration of those interested in working 
with educators in the development of applied light- 
ing practices 


(Abstract of 1ELS. 1951 Conference Pape r No. 18) 


Today's living needs bring about a changed concept of the function of enclosed space. 
Any single room area must offer the possibility of multi-purpose use in order to justify its 
existence. The room illustrated provides for six activities — Reading, Studying, Sewing. 
Small Group Entertaining, Committee Meetings and Overnight Guest. These activities 
involve twelve different visual conditions which include casual and concentrated reading 
for short and prolonged periods; desk study, both reading and writing; magazine and 
book selection; machine and hand sewing; fine detailed handicraft; relaxed conversation 
and card playing; the taking of committee notes and reading of notices on bulletin 
board; reading—reclining, and general maintenance. By the Visual Planning method of 
providing for required visual conditions of both a localized and general nature enclosed 
space is organized to render greater usefulness. 


VISUAL PLANNING - UPSTAIRS STUDY AND COMMITTEE ROOM~- AREA 143” MULTI-PURPOSE ROOM 
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Jan Reynolds 


The Control Aspects 
Of Residence Lighting 


HIRTY or thirty-five years ago, few conveni 
ence outlets or plug receptacles were installed 
when a house was “wired” for electricity. Conse 
quently, the consumer purchased double or triple 
plugs, screwed them into the light bulb socket, 
plugged in appliances or a couple of extension 
cords and then proceeded to work “efficiently.” 
Thus, she did have electricity, but she was working 
for it almost as much as it was working for her 
The situation has certainly improved today, but 
the most adequate wiring and lighting can lose a 
large part of its value and effectiveness unless the 
control is carefully planned. Although the average 
first-class home built a few years ago was provided 
with ample wiring capacity to handle lighting and 
appliances in use at that time plus a reasonable 
margin for increased load — the past five or six 
electri 5 


vears has seen television 500 watts 


Lighting Consu 
- e 


blankets at 200 watts each, deep freezers (350 
600 watts) 
Even lighting has 


, dishwashers and even clothes 
dryers (4500) 
increased about 700 watts in these middle ciass 


This represents a total of 6859 watts not 


watts 
widely used. 
homes 
anticipated five or six years ago, so we must pre- 
pare for additional load as well as the proper 
control of this domestic servant—electricity It 
can be expected, therefore, that in 1962 a further 
additional load of 7000 watts of electricity will be 
used in the average home 

The purpose of this paper is to emphasize the 
fact that we as a lighting group cannot expect the 
widest appreciation and acceptance of the use of 
light unless we complete our job by also empha 
sizing the proper means of control. 

For example, the most effective use of lighting 
often requires control from two or more locations. 
With only one control, the convenience and safety 
value of the illumination is reduced 50 per cent 
A three-way switch should be located on the lock 
side of the door in the hallway, so the light may be 
readily turned on upon entering from the outside 
A wall switch to operate two or three convenience 
outlets is necessary when entering the living room, 
when the center ceiling unit has been eliminated 
The distribution panel with either fuses or circuit 
breakers might be placed in an accessible location, 
perhaps in the kitchen instead of in the basement 
Also, if a convenience outlet or switch is located 
within easy reach of a sink the chance of electric 
shock is greatly increased since it becomes possible 
to have one wet hand on the faucet or in dishwater 
and the other one on the switch 

Thus, it is not enough to merely recommend a 
practice of locating and installing residential light 
ing equipment without including with such data 
the information necessary for its most advantageous 
and flexible uss 
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milliamp tube.’’ 
‘*hot-cathode slimline fluorescent.’ 





Errata 


The caption for Figure 1 on page 423, August 1951 
article relating to Gasoline Service Stations, should read : ‘*‘ Horizontal service-station pump-island 


lighting device employs hot-cathode slimline fluorescent lamps, using T12 4500-degree white 4350 


Reference to this figure on page 424, column 2, second line, should also read 
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From the Session on 


Government 


Light, Color and Environment in Government Offices 


L. M. Endres 


HE PURPOSE of this paper is to consider 

certain phases of the relationship between light, 
color, and environment in the newer Government 
offices. We all realize that there is a relationship 
between light and color as elements of environment, 
but in the past many of us may have failed to ap 
preciate the full extent of that relationship and the 
dependence of one element upon the other in creat- 
ing satisfactory conditions. The artist is keenly 
aware of the effect that changing light has upon 
his colors. He can work at his best only when the 
light is “right " The decorator also realizes that 
light sources will affect the appearance of colors 
in his work 

However, does the decorator realize that the 


colors he uses greatly affect the lighting provided 
by the 


found that he must supply more sources of light in 


illuminating engineer’ The engineer has 
a dark colored room than in a light colored room to 
obtain a given level of illumination at the working 
plane. Does he know, however, that the addition 
of more light sources does not necessarily produce 
good lighting job 
We have 


which are 


found that the levels of illumination 
required today are much higher than 
those used previously. The increase has resulted 
from the constant research in lighting which dem 
onstrated that better and more work could be done 


under higher levels of illumination. However. the 
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providing of these high levels of illumination has 
changed the thinking of designers in the prepara- 
tion of layouts for offices. The art of lighting has 
progressed from a design where fixtures were in- 
stalled in a haphazard manner to a design where 
each element of the lighting installation is care- 
fully planned. Where high levels of illumination 
are used the lighting fixtures must be carefully 
designed to avoid transmitting excessive light into 
the workers’ eyes 

In order to reduce the overall brightness it was 
believed that the fixture should have no part which 
is brighter than three times the brightness of the 
ceiling 

Where good seeing conditions are important we 
have found that the semi-direct or luminous in- 
direct fixtures give the best brightness ratio be- 
tween the fixture and the ceiling 

The ceilings should be painted a flat white, re 
flectance not less than 75 per cent, with a 60 
specular gloss reflectance of 0-8 per cent 

The walls should be painted in light colors hav- 
ing a reflectance of 50 to 60 per cent or a Munsell 
value of between 7 and 8. The 60 
reflectance of the finish should be between 15 and 


specular gloss 


30 per cent 

The following colors have been developed by 
intensive experimentation and will provide a good 
working environment: 
5G Y-8/2 
Buff 7.5YR-8/4 
Gray 10YR-7.5/1 


5SBG-8/15 


Grreen 


Blue Greer 


The doors, baseboards, and dado (if required 


should be painted in the same Munsell hues and 
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chromas as the walls with a value between one and 
two points lower. 

The finish of the paint will give better wash- 
ability if the 60° specular gloss reflectance is 20 to 
40 per cent. 

The floors should be 


having a reflectance of 20 to 30 per cent. The color 


covered with a material 


of this covering can be either similar or contrasting 
to the wall color. 

Tests have indicated that the efficiency of the 
lighting in an office increased from 9 to 25 per 
cent by painting, cleaning of fixtures, replacement 
of lamps and replacement of floor covering. 

Now that we have increased the level of illumi- 
nation we must be sure that the furniture is light 
colored to reduce brightness ratios in the workers’ 
field of view. Desks should have a working sur- 
face which has a reflectance of at least 35 per cent 
Thus the employee who is working on paper having 
a reflectance of 60 to 70 per cent will not have any 
brightness ratio greater than 3 to 1 in his line of 


vision. 

In our report on a test in a card punch operation 
in the Internal Revenue Building published in a 
pamphlet entitled ‘‘The Influence of Lighting, 
Eyesight, and Environment Upon Work Produc- 
tion,’’ it was found that the increase in work pro- 
duction was 51% per cent 

Another test was run in a card punch operation 
in the Census Bureau 

This test showed a 314 per cent increase in work 
production ! 

These tests indicate that the environment of the 
worker is very important in providing an increase 
in work preduction. We have found that the 
brightness ratios are too high under all types of 
lighting unless color conditioning is provided. We 
believe that these tests indicate that high levels of 
illumination should not be used without providing 
high reflectance on the working surfaces to reduce 
brightness ratios 
(Abstract of I.E.S. 1951 Conference Paper No. 44) 


Public Building Service in the Lighting Field 


| REALIZE that there are many in the various 
branches of the lighting industry who don’t have 


a clear picture of our functions and our respon 


sibilities. Many may also wonder why we have 
assumed such a definite position in designing as 
well as purchasing lighting equipment. I believe, 
however, that with an explanation of our overall 
that all 


whether a private concern or a Government agency, 


operation you will consumers, 


agree 


who must purchase lighting equipment in the 
quantities that are used by the Publie Buildings 
Service, should carefully study and plan their own 
needs and, if necessary, better to meet their re 
quirements, they should develop their own designs 


based on their particular requirements if commer 


Author: Electrical Section, Public Buildings Service, General Serv 


ices Administration 
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cially available equipment does not meet all phases 
of their operation 

I want to emphasize the fact that we have a very 
logical place in this business of illuminating engi- 
neering. Our planning is based on years of experi- 
ence in designing and operating Federal buildings 
and a sincere effort to obtain lighting equipment 
that is most suitable for the Government’s needs. 
We have solicited suggestions and criticisms from 
employees throughout our Regional Offices as well 
as from the operating employees in the individual 
buildings 

It is our aim to see that the illumination of 
Federal buildings will be as adequate and modern 
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We intend to see that 
the illumination in our buildings fully complies 
with the requirement that Federal buildings be 


as it is practical to make it 


functional in all respects 

The days of installing lighting fixtures just to be 
looked at as architectural features are gone. We 
propose to eliminate the monstrous lighting stand- 
ards and lanterns that have adorned so many pub- 
lie buildings 

Exterior lighting equipment will be built into 
soffits or walls and be as inconspicuous as possible, 
fitting into the architectural features 

Generally, our office areas and drafting rooms 
will be illuminated by luminous indirect fluores- 
cent lighting equipment, except, of course, in cases 
where of necessity the finishes, ceiling height, or 
some other condition may prevent us from provid- 
ing the ideal and require a compromise 

The decision to standardize on the luminous in- 
direct system of lighting was based on the fact 
that it has proven to be more satisfactory because 
of its ability to produce adequate intensities with 
a minimum of both direct and reflected glare. With 
proper spacing of fixtures and suitable suspension 
from the ceiling, brightness ratios far better than 
those recommended by the Illuminating Engineer- 
ing Society are obtainable 

An interesting and unusual characteristic ap 
pears to be inherent in this luminous indirect type 
of lighting system—as dust accumulates on the 
lighting equipment and on the ceiling, the com- 
parative brightness ratios tend to draw closer to 
gether and possibly improve, even though the quan 
tity of light naturally is reduced by depreciation 
of lamps and the accumulation of dirt 

I am not recommending that dirt be encouraged 
to accumulate but I do want to point out that the 
very important matter of comparative brightness 
changes only slightly during the natural deprecia- 
tion period 

Our problems include many types of work other 
than purely office tasks. We have found that the 
louvered bottom, open top type of fluorescent light 
ing fixture, designed within certain requirements is 
quite satisfactory for moving tasks such as those 
performed in post office workrooms 

We are convinced that we should design our own 
line of standard fixtures because by that practice 
only can we obtain real competitive bids, with all 
bidders and manufacturers placed on the same 
basis. We can also obtain fixtures superior from 
our standpoint to the usual commercially produced 
fixtures 

One advantage of standardization is being able 
to remodel and extend our existing lighting sys 
fixtures directly to existing 


tems, jolning new 
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equipment or buying end plates or other parts by 
real competitive bids. We do not have to frame up 
a specification based on trying to get the same 
manufacturer who made the original fixtures, and 
perhaps hoping that he hasn’t discontinued or 
changed his line so they won’t match the originals. 

Another advantage lies in the importance of 
knowing all the details and necessary dimensions 
of the lighting equipment when planning new or 
remodeling old buildings. We can plan with a con- 
siderable degree of accuracy and not have to won- 
der which one of many dimensionally and other- 
wise different commercially available stock fixtures 
may be installed on the job. 

In developing our designs we have kept several 
points in mind; they must be substantial, mainte- 
nance operations must be simple, practical and as 
convenient as possible, dust collecting contours and 
decorations must be eliminated so far as possible, 
and they must de designed so that accessories that 
are subject to possible replacements may be serv- 
iced with the least possible dismantling of the re- 
mainder of the equipment. 

All of this is of utmost importance to us in the 
Design and Construction Division because after 
the equipment is installed our Buildings Manage- 
ment Division takes over and operates and main- 
tains it. So, you see, we have to live with what we 
design 

Although the progress of our program has been 
somewhat disrupted since World War II, we have 
sufficient quantities of our standard lighting fix- 
tures in use to convince us that our policy is right 
and definitely in the Government’s interest. 

One large project that has recently attracted 
attention is the new General Accounting Office 
Building here in Washington, D. C. Although 
actually commenced before World War II, con- 
struction was abandoned during the war period. 
The delay will prove to be fortunate for the eyes 
of the employees assigned to that building because 
it has resulted in the planning of a more adequate 
lighting system than would have been done in the 
early 40's. The office areas are provided with lumi- 
nous indirect fluorescent lighting which, with rea- 
sonable maintenance, will deliver intensities better 
than 30 footeandles with brightness ratios of less 
than 2 to 1 between the luminous body of fixture 
and the brightest and darkest ceiling areas above 
and between the luminaires. 

This building, as well as many other Federal 
buildings, should offer sufficient evidence as to 


why we are in every phase of this field of illumi- 


nating engineering except the actual manufacture 
and installation of the equipment. 
Abstract of I.E.S. 1951 Conference Paper No. 45) 
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Built-In Lighting 


LIGHTING OBJECTIVE: To provide local lighting at the telephone area and additional general room illumination. 


’ 


Figure 


Installation at Detroit Michigan. 


General Information: The room is 1414’ x 10’ with an eight-foot ceiling. The walls, woodwork and 
built-in bookcase are green (61° reflection factor) and the ceiling is white (85% reflection factor 


‘ 


The carpeting is gray green (55% reflection factor 


CEILING oe Installation: A two-inch ('4-inch thick board added to the small telephone 
: of ' recess conceals an 8-watt fluorescent lamp. The ballast is concealed in the 


A cupboard below and a switch mounted next to the lamp controls the unit. To 
supplement the ceiling fixture (Lightolier Co. #6283 with three 40-watt 
filament lamps), one 64-inch slimline fluorescent tube (Wiremold #21564) is 
placed in the four-inch deep recess at the top of the bookcase. This is 


mounted five inches from the wall. The ballast is located in the basement 





= and the unit is controlled by a wall switch located to the side of the book- 
case. Resultant illumination and brightness measurements with bookease 
“8 W FLUORESCENT ons , " 
— 5 lighting and ceiling luminaire are indicated below 
Brightness Illumination 
Phone Dial t.0 to 5.0 Ft-L Room Average 
Pull-out Shelf 2.0 Ft-I Phone Dial 
Bookease Ledge 65 Ft-l Pull out Shelf 


Bookease Front 1.0 Ft L 





lata submitted by Mary Taepke, The Detroit Edison Company, Detroit, Michigan 
tration of good lighting practice and to aid in the design of similar installations 
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Current Lighting Practice 


For Television Production 


Prepared by Subcommittee on Lighting for Production 
of Television Programs of the Committee on Television 
Lighting of the Illuminating Engineering Society* 


PREFACE Sessions in Stockholm, Sweden to describe the 
status of television lighting in the United States. 
This report summarizes existing current practice 
n lighting for the production of television pro SUBCOMMITTEE ON LIGHTING FOR PRODUCTION 
rams. Enormous strides have been made in the or TELEVISION PROGRAMS 
past two vears in camera tubes, lighting units, 


R. L. Zahour, Chairman 
wiring and control systems, and also with the tech : — ‘ 


H. M. Gurin H. Kozanowski 


niques involved. The I.E.S. Television Lighting 
R.S. O'Brien F. E. Carlson 


Committee has been concerned primarily with what 
lies in front of the camera and has made no en 
deavor to report on either the complicated camera LE... TeLtevision LIGHTING COMMITTEE 
ontrol or the artistic technique in using light to H. A. Kliegl. Chairman 
reate special effects Robert Bannon R. C. Lanciano 
This report was used by the Television Commit F. E. Carlson R. S. O’Brien 
tee of the U. S. National Committee of the Inter D. P. Caverl Gertrude Rand 
national Commission on Illumination at the 1951 E.W Gesinees Lionel Rodgers 
Il. M. Gurin Ernst Wolf 
a? ae Se H. Kozanowski R. L. Zahour 


Figure 1. Typical large television studio: (left) photo showing overhead lighting equipment; 
(right) artist's view. 
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Figure 2. (left) Spectral sensitivity characteristic of type 5820 


image orthicon: curve A, without filter; curve B, with Wrattan 
#6 filter; curve C, spectral sensitivity of average human eye. 
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Figure 3. Typical signal output of type 5820 image orthicon. 
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Television Cameras cathode area used for 4:3 aspect image is 1.6 
The latest and most commonly used television inches. Focal lengths and caleulated widths of 


camera pickup tubes are the #5820 and 5826 image 
orthicons. For film transmission the #1850A icono- 


scope is used most frequently. Figures 2 and 3 


scene relative to the normal lens-to-scene distance 
for lenses commonly used in studio work are shown 
in Figure 4. The focal lengths of the three lenses 


show the spectral sensitivity of the 5820. per camera normally used are 50 mm, 90 mm, and 
The choice of lenses as to size and focal length 135 mm. Lens stops are adjusted to obtain proper 
and the mode of operation with respect to aper exposure in present practice normally being set 
tures and angles of view are dictated by the needs at f8 to f16— this range resulting from tube-to- 
of a given scene or subject being televised, and are tube sensitivity variations and from illumination 
governed by the same principles commonly applied level variations 
to all photographic work sealed to the size of the The practical brightness contrast range for oper- 
mosaic of the pickup tube used. Diagonal of photo ational use is considered to be 30 or 40:1, although 
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Figure 4. Lens coverage widths for 
lenses nsed with typical image orthicon 
cameras. 
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RELATIVE BRIGHTNESS OF SMALL TEST CARD 


10.0 


A — Target-Screen Potential, 1 volt 

The very bad suppression of low and intermedi- 
ate tones with a light (high key) average seene 
results from widespread re-distribution of second- 
ary electrons knocked off from target and target 
screen. 

In an actual scene, a pace which registered a 
relative brightness of 0.3 would change from whit« 
to black if the performer walked from a position 
in front of a low-key background to a second posi 
tion in front of a light background. 


B — Target-Screen Potential, 2 volts 
Compared to A, less severe suppression occurs 
However, note the limited range of scene bright 
ness accommodated (.15 to 3.0 or 20:1) with a high 
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TYPICAL STATIC 

OUTPUT CURVE 
| er eee wane 


RELATIVE OUTPUT VOLTAGE - “WHITE” 





key scene. With this adjustment, the most notice 
able changes occur in the “blacks.” 

To indicate the difference between the dynamic 
transfer characteristics and the static output curves 
shown in tube handbooks, a typical static curve is 
shown. The difference comes about from electron 
re-distribution where, as is nearly always the case, 
major portions of the scene exceed the brightness 
corresponding to the so-called knee of the static 


curve. 





C — Target-Screen Potential, 3 volts 
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RELATIVE BRIGHTNESS OF SMALL TEST CARD 


Here, the secondary electrons are prevented from 


landing and filling in “black” areas by the high 


sereen to target potential. hey are collected by 





“BLACK” - 


i 





the screen. The curve with a high key background 
actually raises low and medium tone values, due to 
the secondary effects of flare and scatter light. 
Note that as the target voltage is increased a 
longer and less changeable gray-scale or dynamic 
transfer is obtained. The limit is set by the signal 
to noise ratio. Greater target voltage requires 
higher beam current to discharge high lights, in 
ereasing the picture noise level. In practice, a tar 
get voltage somewhere between A and B will be 


found optimum. The possibilities of adusting target 








Lo 20 
RELATIVE BRIGHTNESS OF SMALL TEST CARD 


voltage to obtain gray-scale balance among camera 


tubes are obvious. 


Figure 5. Dynamic transfer characteristics for image orthicon showing effects of average scene 
brightness and target voltage adjustment with video gain and blanking readjusted in each case 
for constant signal amplitude. 


in some cases it may be higher. See Figure 5. Fil 
ters' are used where fluorescent sources of light are 
employed. These filters cut off sharply at 450 milli 
microns, eliminating strong mercury vapor radia 
tion at shorter wavelengths. The filters may be 
retained with incandescent sources and their use 


allows sources to be intermixed freely 


Illumination Levels Required 


The following ranges of illumiation levels for 
general lighting are typical of general practice 
Tube 5820 30 to 100 footeandles 
Tube 5826 100 to 200 footeandles 
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These levels are subject to wide variation de- 


pending on the reflectances of the subject mate- 


rial being televised. 


Measurement of Illumination 


The amount of incident light is measured with 
calibrated for incandescent 
holding the photo- 
sensitive element at the scene perpendicular to the 
axis of the camera lens at approximately lens 
The present trend, for 


a photocell meter 


sources (approximately 2900K 


height and facing the lens 
more accurate readings, is toward the use of a 
color-corrected cell similar in spectral response te 
that of the pickup tube (viz., approaching the nor- 
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mal eye sensitivity curve) and with a cosine-cor- 
rected shield for broad angle reception. Practice 
has shown this method to be a good index of the 
lighting of the scene. Reflected light measurements 
have been proposed and experimented with but 
not widely used. 


Brightness Ratios 


Backlighting,* keylighting,* and modeling light- 
ing* levels generally are maintained at 142 to 2 
times that of the base or general incident illumi- 
nation. 

The maximum brightness range in a scene should 
not exceed 40:1 and is preferably kept at 30:1 or 


Lighting Equipment 

Television studio lighting equipment is complete- 

ly adjustable in direction, capable of being easily 

moved (therefore light in weight), and has easily 

controlled beam spreads (units other than flood- 

lights). All lighting units are equipped with yokes, 
pipe clamps and short cables with connectors 


Base Lighting 


The general or base lighting is usually supplied 
by incandescent floods (scoops), long range scoops, 
or banks of fluorescent lamps 

Scoops vary in size from 14” to 18” diameter and 
use from 500- to 2000-watt lamps. They are a 
combination parabolic and elliptical shape and 
have diffuse (matte) anodized aluminum reflecting 
surfaces 

The long range scoop, similar in size, has a com 
bination specular parabolic reflector and diffuse 
sides. The beamspread is adjustable, providing a 
beam pattern similar (to the scoop) for the longer 
throws (20 to 25 feet) now encountered in the 
larger studios. 

Fluorescent units generally consist of a bank of 
six 4500 or 3500K (or a combination of the two 
fluorescent lamps, each with an individual anodized 
aluminum shallow parabolic reflector. These units 
are approximately 26 inches wide, 5 inches deep, 
and either 65 or 43 inches long. Two-lamp lag-lead 
ballasts are generally installed in a separate box 
with 10 to 20 feet of cable between the lighting 
unit and the ballasts. More recently, due to im 
proved ballast and luminaire design and where suf- 
ficient luminaires are installed to eliminate con 
stant relocation, the units have self-contained bal 


lasts. 


Light originating from behind, used to separate the subject fror 
the background 

"The principal illumination falling on the subject from a source 
which is part of the scene 

‘Used to enhance the appearance of a subject and Gor creating 


artistic effects 
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TABLE I.—Incandescent Filament Light Sources Used 
for Highlighting, Key Lighting, Base Lighting, 
and Rear Projection. 


Hours 
Available Lamps Filament Life 


For Fresnel Spots 
s” lens units 100-watt G16 %, 1s 200 
150-watt G16 % ” 200 
500-watt T20/64 18 500 
500-watt T20/48 15 200 
750-watt T20P 1 25 
1M/G40/P8P yf 200 
1500/G40/15 yg 200 
1M/G48/8 oo 100 
2M/G48/17 » F 200 


5M/G643 i 75 


6” lens units 


8” lens units 
10” or 12” lens units 
14” or 16” lens units 


Por Floods 

Baby scoops 500/1F 1000 
1000 IF Ti 1000 
1500/I1F 1000 


Long range scoops 1000/T24 3 1000 


Scoops 


Por Elliptical Units 50C/T14/8 ; 200 
Base-up burning) 1500/T24,6 200 
2M/T30/1 } 200 

1M/T32/2 } 100 


1M/G40/S8P/5*: 5 200 
1500, G40/10 5 200 


For Sunspots 


150R/SP 1000 
150R/FI 1000 
s00R/SP 1000 
200R/FL C2V 1000 
200/IF 1000 
300M /li 1000 


For Striplights 


Mercury vapor lamps are no longer used in regu- 
larly operating studios although some experimental 
installations have been made. Are lamps and ultra- 
violet (365 millimicrons radiation) are not used in 
normal television studio lighting practice ; however, 
blacklight is sometimes used for special effects. 


Accent Lighting 


The equipment used for highlighting. backlight- 
ing and keylighting consists primarily of Fresnel 
lens spotlights and elliptical spots. Fresnel spot- 
lights, the more flexible of the two (also used 
sometimes for controlled floodlighting), are avail- 


able in the following sizes: 


3” lens 


for 100-150 watt lamps 
6 500-700 ; 


8” 1000-1500 


10 or 12” 1000-2000 


These are all equipped with specular spherical re- 
flectors and generally have the lens risers painted 
biack to reduce spill light. They have spindle- 
adjustment focusing feeds. 

The elliptical spots provide accurate control of 
the beam by means of built-in adjustable square 
and iris shutters. They come in three sizes with a 
variety of lenses depending on the maximum de- 
gree spread required for the particular distance 
the unit is to project. The smallest is the 500-watt 
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Figure 6. Rear-projection capability of typical projectors; 

high light brightness 70 footlamberts (equal to reflected 

high lights), 50 per cent screen transmission, slide or film 
density 0.3 (transmission 50 per cent). 


unit. the next the 1500/2000-watt unit. and the 
largest takes a 3000-watt lamp. The 2000-watt 12- 
inch diameter lens and the 3000-watt 12-inch di 
ameter lens units are used primarily as follow 
spots 

Numerous other types of lighting equipment are 
used, including such items as the ‘‘sun projectors”’ 
which are identical to small searchlights, reflector 
type and reflector-lamp type striplights for back 
ground lighting and for use overhead in theaters, 
portable spotlights and floodlights (identical units 
as above but mounted on roller caster stands), clip 
on reflectors and reflector lamps for highlighting, 


and other items. See Table I 


Projected Backgrounds 


Rear projection is used to simulate background 
scenery which may take the form of stationary ob 
jects as in a slide; moving effects such as clouds 
water, ete.; or motion pictures to simulate moving 
trains, motion from an automobile, ete 
projected highlights should be be 


A projected 


For realism 
tween 4 and | times live highlights 
highlight brightness of 70 footlamberts measured 
facing the screen from the camera side for normal 
base-light level of 100 footeandles is desirable. The 
total beam or screen lumens for various screen 
widths and for several base-light levels is shown in 
Figure 6. Distribution should be such that all areas 
of the sereen as measured from the camera side 
without a slide or film should be within 10 per cent 
of average brightness. The general dimensions of 
the sereens run from 14” x 18”, 50" x 70”, 8 x 12 
to 12’ x 18 
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Where slide projectors are used, slides vary from 
314" x 444”, to 4” x 5” with 2100-watt 60-volt, 2000- 
and 5000-watt standard voltage incandescent fila- 
ment lamps. 
covered to date has been 90” x 120”. The widest 


angle lenses used have a 614” focal length 


The maximum area satisfactorily 


Up to the present time, 16 mm film has been used 
in background motion picture projectors with 1000- 
watt incandescent filament lamps for screen sizes 
up to 50” x 70” and with 30-ampere high intensity 
ares for screens up to 90" x 12°0”. Lenses used are 
20 mm focal length 

The normal brightness range between fore- 
ground and projected background is governed to a 
large extent by the type of screen material used 


and generally lies between 3:1 and 5:1. 


Control Equipment 


Since approximately 95 per cent of the studio 
lighting is done from overhead, it improves pro- 
duction and has proved to be most economical to 
provide many overhead outlets and pieces of light- 
ing equipment. The outlets, generally arranged 
on 2-foot centers across the studio and in rows 6 
to 8 feet apart, consist of 3-foot cables with female 
Each outlet is 
wired to a switchboard at which it may be indi- 


stage type connectors attached. 


vidually controlled or if desired grouped with other 
outlets to the same master control. The switch- 
numerous 4000-watt 


These enable the 


boards are equipped with 
autotransformer type dimmers 
lights to be either dimmer controlled or not. 
Two types of boards currently used are: 
1. The 
has 3 or 4 female connector outlets per circuit. The 


patch plug type. This method generally 
outgoing circuits are connected to pigtail cables 
which are energized by plugging into the female 


connectors 


By this method several outgoing cir- 


cuits may be grouped together onto the same con- 
trol, providing flexibility in the grouping of lights 


2. The selector switch type. Use of rotary circuit 


selectors (see Figure 7) eliminates patch cords 
entirely. For example, an outgoing circuit equipped 
with a 12-point selector* can be connected to any 
of the 12 feeder circuits (either dim or non-dim 
type It also means that any number of such 
outgoing cireuits can be thus connected to the 
same feeder circuit, thereby providing great flexi- 
bility in the grouping of lights. Each unit has its 
own automatically acting disconnect switch elimi- 
nating any make or break of current on the circuit 
selector. The disconnect switch can also be used as 
the individual control switch for that outlet 


*One type termed “‘rotolector 
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Figure 7. Rotary selector type switchboard. 


Luminaire Installation 


The method of supporting the lights depends to 
a great extent on the ceiling height and the in 
tended use of the studio. Where height is low (12 
to 16 feet) a permanent pipe grid is usually in- 
stalled from which the units are hung directly or 
pantographs (see Figure 8 


through available 


which permit individual vertical setting. In either 
case, the units are capable of complete rotation and 
tilting 

In high-ceiling studios and in television theaters, 
the lighting units are supported either from fixed 
pipe grids or on conventional pipe battens. In tele 
vision theater studios a larger amount of front 
light (either on the baleony front or across the 
proscenium ) is used than in regular stage perform 
ances. Vertical pipe standards in the wings are 
used for fastening side lights. In this type of high 
ceiling studio a large number of the lights are 
equipped with the pantograph hangers 

No brief resume can satisfactorily describe the 
requirements for the lighting layout in the tele 
vision theater studio, the workshop-type of studio, 


Each 
type must be analyzed for the architectural prop- 


or the repetitive-type of program studio 
erties, the degree of fiexibilitv, and the general 
program material which may originate in a par 
ticular space. Extensive literature exists describ 
ing existing studios of all types, and very few are 
exactly alike. Detailed descriptions must await 


further development; possibly some degree of 


standardization may eventually result 
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Film Production 


Films as used for television transmission are 
made either in a motion picture studio or filmed 
directly from a television picture tube, the latter 
usually during a regular on-air production. A 
much higher contrast range (100:1) can be tol- 
erated in theater motion picture work than in 
television where the pickup tube limits this range 
to 40:1 
increased throughout the system and (starting at 


In addition, in television the contrast is 


a 20 to 30:1 ratio) the final results, at the re- 
ceiver end, are comparable in contrast range to 
theater motion pictures. Minimum scene illumi- 
nation levels (for television film) are of necessity 
kept higher to overcome electrical noise 

In normal motion picture practice, scenes can 
be taken without regard to sequence indicated by 


the original story and are usually governed by set 


locations and then edited into the proper order 
ealled for by the story. As a result, the lighting 
set up can be interrupted, reset, and adjusted, to 
suit the circumstances as often as necessary. 
Kinescope recording, usually made during an 
on-air production (for rebroadcast purposes as 
well as normal television broadcasting), requires 
extensive pre-planning of the lighting arrange 
ments, switches, dimming, ete., because of the 
necessity of continuous action. An exceptionally 
high degree of mechanical and electrical flexibil- 


‘ . ‘ ‘ ‘Se 7 


4 


V}.%, 
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Figure 8. Pantograph devices permit raising or lowering 
of lighting equipment as well as horizontal and vertical 
adjustments. 
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ity is mandatory. Multiple sets are arranged for 
instantaneous switching. Consequently, the light- 
ing for each scene is preset without mutual inter- 
ference with adjoining sets. The contrast range, 
normally 30 to 40:1, is kept to a minimum of 20:1 
consistent with the overall effect desired when 


recordings are being made 


Field Pickups 


A large part of field pickups oceur during the 
day and natural daylight is more than adequate 
Where artificial illumination is required, incandes- 
cent sources of the flood variety are most common 
ly used. The sensitivity of the present-day camera 
tubes allows satisfactory indoor pickups with the 
amount of illumination existing for the event be 
ing transmitted, particularly in the case of sport- 
ing events such as wrestling, boxing, night baseball, 
and roller skating. Frequently, field events are 
simultaneously recorded on film by the press, and 
as a result more than enough light is thereby ob- 
tained for television use. Conventional spotlights 
nay be used in a flood position when the lighting 
unit cannot be brought physically close to the sub 
Occasionally in banquet 


ject being televised 


scenes and public assemblies, the main table or 
platform lighting is supplemented with incandes- 
ent spots and floods for general broad illumina 
tion, but the level seldom needs to exceed 200 foot- 
andles of incident light and can be readily ob- 


tained without any serious difficulties 


In lighting an audience, incandescent floodlights 
are employed and levels of 75 to 125 footeandles 
have been found adequate. 
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Barbrow, ¢/o National 


also be sent direct to Mr. Barbrow 





Deadline for Comments on C.1.E. Report November |, 1951 


All comments on the Recommendations contained in the Report on the Sessions of the Inter- 
national Commission on Illumination, held in Stockholm, Sweden June 26 through July 5, must be 


S. National Committee, not later than November 1, 1951. 


Report are published on page 000 of this issue of ILLUMINATING ENGINEERING, and full multilithed 


copies may be obtained from the Secretary of the U 


sureau of Standards, Washington 25, D. C. Comments on the Réport should 


Essentials of the 


S. National Committee, C.I.E., Mr. L. E. 
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Successful Sessions Held 


At the Stockholm Meeting of C.1.E. 


International 
Commission on held 


June 26 to July 7 in Stockholm, Swe 


Session XII of the 


Illumination was 


den. As reported elsewhere in Telecast, 
Dr. Ward Harrison of the United States 
was elected International President 


At the 
the presence of King Gustav VI 


opening g¢ neral session, it 
Adolf, 
countries, and 
paper by Mr. Ralph 
Kodak 


und Color was presented 


450 delegates from 
100 guests, a 
Evans, Eastman Company, 
Seeing, Light, 
by Dr. D. B. Judd, National Bureau of 
Standards. 

Following the opening Session, para 
lel Sessions were held by the twenty 
five Technical Committees of the Com 
mission. Each of these Committees pre 
sented a technical report for discussion 
In addition, forty-three 
presented at the Sessions. It is of in 
that five of the Tech 


nical Committee Reports were compiled 


papers were 


terest to note 


by U. 
of the 


8S. Secretariat Directors, and six 
papers were of U. 8. origin 

These were: 

rc-7, Colorimetry D. B 


Judd, Se« 


rc-23a, Lighting 
R. M. Zabel, Se« 
rC-26¢e, 


Colors 


Breckenridge, 


A. Kliegl, Se« 


ry, The Engineering Evolu 


Lamp 


uorescent 


S. K. Guth, The Subjective Appraisal 


f Brightness 
R. L. Biesele, Daylight in Classrooms 
Myrtle Fahsbender, Two 
Residential Lighting ir the United 
States 

Slauer, Space 


Concepts of Light 


Deeades of 


| €& b eee Se 


LIGHTING NEWS OF CURRENT INTEREST 


Cc. M Selling En 
vironment 


Miss 


being the first 


Cutler, Creating a 
with Light 
Fahsbender had the 


American woman to pre 


honor of 


sent a paper before the Commission. 


The Sessions were too preoccupied 


vith technical activity to permit par 


taking in the many attractive diver 


sions which beautiful Stockholm has to 
offer in the first two weeks of summer. 


However, the delegates did participate 


in a number of entertainment features 


during available evenings. These in 
informal reception and cor 
National Gallery of Art; 


Grand Hotel Salts 


eluded an 

eert at the 
supper-dance at the 
Room of 
music and ballet at Old 


jbbaden; dinner in the Gold 
Hall; 


Drottningholm Theatre. During the Ses 


the City 


technical visits were made by 


sions, 
many of the 
July 1, 


a ten-hour boat 


delegates. On Sunday, 
the delegates were favored with 
ride in the Stockholm 
Archipelago. 

Unfortunately, meetings were sched 
of July 4. How 


S. delegates in 


uled through the day 


ever, as soon as the U. 


View of banquet at the Gold Room in the architecturally famous Stockholm City Hall. 
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they partie! 


eted their work 


1 most enjoyable Independence 


gram to which they were in 
United 
Mr. W W 


ially for 


the States Ambassador 


ilton Butter 
their 


Am 


espe 
4 reception at 
, special ceremonies 
4 supper-dance at Has 
At Hasselbacken, 
Amb 
of the U. 8 
C.LE., 


@ommission 


upon in 


¢ the sasador, President 


National Com 


iined the work rf 


exp 


results of the work transacted at 


eal Sessions will be 


three-volume Proceedings. 


f the Recommendations which 


ntatively are ab 


the 


Complete sets of 


adopted t 


elsewhere in Telecast Sec 


issue the 


ly approved Recommendations 
may be obtained from the Secretary of 


National ¢ Mr. L.E 
»w National Burs 


U.8 mmittee, 
Washington 25 
ecommenda 


¥y approv 


rmmiittes 
on or ob 


re 


Mr 


King Gustav of Sweden (right), who 

attended the general opening session of 

the C.LE. meeting, with Honorary 
President N. A. Halbertsma. 


Eighteen delegates from the United 


attended the 
ill of 


States Stockholm meet 
and ae 


States 


known 


United 


them well 
Members 


were 


ings, 
tive >) 
lelegates attending 
( A. Atherton, 


tional Corp 


Westinghouse Interna 


Isay Balink University of Connecti 


Comments on Recommendations of Report 
On C.1.E. Sessions Due November 1, 1951 


Recommendations 
the International 
on Illumination held this 


Stockholm den must be 


Swe 


al Commis 


tary of 


Barbrow 
Washing 


ographed 


rm may be obtained on request from 


Mr. Barbrow, and those v ng to sul 


t comments are irged to send 


The Report contains 


py promptly 


ommendations from the committees 


ssentials f some of the re« 


ons are also given 


b Definitions 
commended that 


or a similar word 
every country 
The C.LE 


metric system 


proposes t) 


is used, the nit of 


nation should preferably be the 


the unit of luminance the nit 


The word emittance 


Lighting 


TELECAST 


tance or radiant emittance is proposed 


flux emitted unit 


letter Q 


the 


for the 


The 


per area 


not L) should be 


the 


for symbol representing 


ised 
quantity of light 


lhe 


8 of 


definitions proposed in resolution 


Committee 7 (Colorimetry are re 
Committee lb 


idopted 


ommended by 
Revised 


Report for re 


definitions are See 


full ommended defini 
tions 

s) Radiant flux 
b) Lum 


Lumir 


inous flux 

10us efficiency (of a radiation 
ve luminous efficienes of a 
nonochromatie radiation 


Illumination t a point 
ice 

Luminous emitt 

of a surface 
Luminous intens 
tion 

Luminance it a po a surface 
direction 


Synrbol: ed 


und in any 
Candela 


Lumen Symbol: Im 


Vews o 


f Current Interest 


E. Barbrow, National Bureau of 
Standards 
\ Brainerd, 
F. ¢ 


Standards 


Philadelphia Electric 


Breckenridge, National Bureau of 


Brown, General Electric Company 
(, M. Cutler, General Electric Company 
H. Deming, Internatienal General Elec 
trie 
M. Fahsbender, 
Corp 
Ss. K 
W. Harrison, Consulting Engineer 
Hibben, Electrie 
Company 
D. B. Judd, National Bureau of Stand 


ards 


Company 
Westinghouse Electric 


Guth, General Electric Company 


Ss. G, Westinghouse 


A. Manwaring, Philadelphia Electric 
& Mfg. Co. 
R. C. Putnam, Case Institute of Tech 
nology 
F. J. Vorlander, Champion Lamp Works 


Wagner, Philadelphia Electric 


r. D. Wakefield, F. W. Wakefield, Brass 
Co 

United States National 
Committee of I.C.I. are Arthur A. Brain 
Willard C Vice 
Barbrow, Secre 


Officers of the 


erd, President; Brown, 
President, and Louis E 


tary-Treasurer 


k) Lux (Symbol: lx 


1) Nit (Symbol: nt 


Committees 2 and 3, Units and Standards 
It is recommended that the Bureau of 
LE. should B.I.P.M. 


attempt to establish uniform methods for 


the contact and 
certain standards 


the B.I.P.M 


realizing in practice 


ilready proposed by (See 


full Report for Standards 


Committee 4, Light and Vision 
It is recommended that, when the rela 
radia 


the 


tive luminous effects produced by 


tion of different wavelengths on 


voung dark-adapted human eye near the 
are to be 


in extrafoveal vision 


the 


threshold 
lumi 
should be These 
the “1951 C.LE. Seotopic 
Function Young Eyes,” 


determined, following relative 


nosity values used. 


values define 
Luminosity for 


and will be denoted by the symbol V’) 
The 


V’y 


values are actually given as log), 
See also full Report. 

The values adopted in the recommen 
dation are intended to represent as near 
ly as possible the mean spectral sensitiv 
the 


whose age does not exceed 30, when ob 


ity of red mechanism for subjects 


serving at angles of not less than 


from the foveal center under conditions 
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of complete dark adaptation. It must be 


realized that the values for an individual 
will in general show differences from the 
standard, which may be very large at 
wavelengths below 400 ma, 

For subjects of age more than 30, the 
limited information available indicates a 
tendency for the values in the blue end 


of the spectrum to be lower. For an 


‘ 


estimate of the average magnitude o 
this change, see the Secretariat Report 4 
Committees 5, 6, Photometry 

It is recommended that stable electri 
discharge lamps, including fluorescent 
should be 


photometric sub 


lamps, developed for use as 


standards. Such lamps 


may have either the same geometric form 


ind size as commercial lamps or other 


forms developed specially for this pur 
pose 


Whilk 


notable 


regarding with satisfaction th« 
progress in the field of photome 
is considered that the recommen 


ilopted at the eleventh 


trv, it 
dations session 
1948 adequate for the future 


work of the 


remain 
development of the Com 
mission and should be confirmed 


Committee Colorimetry 4 {rtificial 


Daylight. See also full Report 
1. It is recommended that the definition 
of standard source A be changed to 
read 
“= \ 
lamp, operating at 
ture of 2854 K 


temperature 


gas-filled tungsten-filament 
a color tempera 

according to the 

International seale of 
1948.” 

For calculations of 


spectral energy) 


distribution, the constant C2 of 
shall be taken as 


In the event of an alteration in the 


Planck 
14380 micron degrees 
value 
temperature T of the 


of C. the color 


lamp shall be changed so that T/C, 
2848/14350 2854/14380 


Wavelength 


approx. 
Definitions for Dominant 
Complementary Wavelength and Chroma 
ticity are submitted to Committee 1b for 
adoption: (See full Report for recon 
mended definitions 

Committee Light Sources 

full Report 

It is recommended that all member 
countries should accumulate data on the 
rendering properties of 


eolor and color 


electric discharge lamps particularly all 


classes of the fluorescent “white” colors 
using the method of measurement 
by the C.I.E. in 1948 These 
should b« together 


watt 


agreed 
measure 
with 


ments made 


lumens per measurements on fluo 
rescent lamps after they have been aged 
for 100 hours 
Committee 22a, Diffusing Materials 
also full Report 

Lighting of Public High 
also full Re port 


It is recommended that National Com 


Secretariat 23a, 


ways (See 
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mittees should inerease their efforts to 


establish a simple and practical method 


of predetermining and appraising the 


quality of public lighting installations 
and of comparing them with one another. 
Committee 23b, Automobile Headlights 
See also full Report 

head 


Arnheim Selection 


resolved that the type E 


1. It is 
light as chosen by the 
type of 


Committee be accepted as the 


headlight most representative of current 
European practice. 

2. It is recommended that the work on 
lighting (headlights, marker 


lights, et be 


itomobile 


lights, signal continued 


by Committee 23b during the interval 

between this meeting and the next C.1.E 

meeting \ list of the items which 

should be 

cluded in the full Report 

Committee 25a, Museum 
full Report 


ommittee 25b, 


included in this work is in 


Lighting (See 
irchitectural Lighting 
See full Report 


ommittee 26a, Aviation Ground Light 


ing (See full Report 

Committee 26b, Aircraft Lighting (See 
full Report 

ommittee 26c, Traffic Signals (See full 
Report 

ommittee ation of Intensities 


full Report 


264, Caler 
of Projec tors Nee 
Committee 26e, Colour Specification for 


full Report.) 
Daylight (See 


Light Signals (See 
Natural 
Report 


ommittes 


also full 


1. It is recommended that before the 


next session of the C.1L.E., the countries 
interested in natural lighting should con 


detail (a) the distribution of 


sider in 
sky brightness according to country; 
time of day and year, and (b) reflected 
daylight. Consideration should be given 
to calling the sub-committee together in 
1953, or sooner if deemed advisable, to 
discuss progress 
Mine 
recommended 
full Re port 
next session of the C.1.E 
that the National 


prepare 


Lighting 
that 
should be studied 


Committee 2°, 

It is specific sub 
jects (se 
prior to the 

It is recommended 
Codes of 
that 


next 


should 
Mine 


compared at the 


Committees 
Practice for Lighting, and 
Codes be 
C.LE 
Ultra 
See full Report.) 
Lighting Education (See 


these 

session of the 

Committee 41, Violet Radiation 

Committee 62a, 
full Report 

Committee 62b, Lighting Practice (See 
also full Report.) 

1. It 


mended 


is desirable that Codes of Recom 
Illumination Values should have 


common bases. To this end it is recom 
mended that the member nations of the 
C.L.E. should consider the basis of visual 
performance and ease of seeing adopted 
British I.E.S. Code. The 
that Code are 


performance of rea 


in the illumi 


nation values given in 


based on a visual 


sonably high standard. It is recognized 


Continued on page GA) 





Be It Resolved 


contributions which Mr 


ability to bring 


fraternity ] 


three vears 


the Society’s technical 


developed He 


and Lighting” 





upon the recent passing of Earl W. Fowler that the officers 
and Council of the Illuminating Engineering Society here 


by express their appreciation and gratitude for the many 
Fowler made to the field of light 


ing and to the Society in particular 

The progress of the Western New York Section during 
the formative years was greatly facilitated by Mr. Fowler’s 
together various elements of the lighting 


when he served as Secretary and Chairman for 


Not only did he have organizational ability but he 
above all concerned with the technical and professional 
progress of the Society as a whole 
reports be 
played a leading part in the development 
of recent reports on Office, Store and Industrial applica 
tions. His contribution in the Niagara Award paper “ 
demonstrated his ability to this end 

His particular abilities equipped him well to serve as a 
leader on key Society Committees 
passing leaves a serious gap in the ranks of those who are 


seeking to forge a better and stronger Society. 


was 


It was his concern that 


sound and carefully 


Glare 


Therefore, his untimely 
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FIRST instant starting series sequence ballast 
BEST instant starting series sequence ballast 


COOLER OPERATING+ 


VENTILATED CASEt ‘SELF-PROTECTING+ 


SMALLER and LIGHTERt oa 
MORE EFFICIENTt 


QUIETERt 


ne of more a the following 
oe: 2,843,745 212,198 
$46,641; 2,552,111 2.400 245; and 
patents pending 


It is a matter of record that the new engineering developments in ballast 
design and manufacture have originated with SOLA Electric Co. This 
fact is universally recognized by lighting engineers, fixture designers, 
architects and contractors. Recent discussions concerning the merit of the 
Sequenstart" versus the conventional Lag-Lead Baliast are reminiscent 
of the pre-heat versus instant-start controversy several years ago, The 
proof of the pudding is in the eating, and an ever increasing number of 
leading fluorescent fixture manufacturers, engineers and architects are 
using and specifying SOLA Sequenstart* Ballasts because of their out- An informative and interesting bulletin 
standing advantages. Time has vindicated this choice. sequenstanr” smLAsts : ot 


able. If you haven't already received a 
copy we will be happy to send it to yous 


S O L A SeqUENSTAT 7 wauuasts 





Transformers for 2 mg © Cold Cathode Lighting © Airport Lighting © Series Lighting © Luminous Tube Signs 
Burner Ignit , wer ( : gro! Systems © etc. © SOLA ELECTRIC COMPANY, 4633 W. l6th Street Chicago 50, Illinois 
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(Continued from page 7A 
that the standard of visual performance 
adopted as a basis by other nations may 
vary due to economic and other causes. 

2. At the high illumination 
now being used, becoming 
increasingly important in prob 
lems.. It is therefore recommended 


levels of 
comfort is 
visual 
that 
member nations should examine al! new 
experimental data to determine whether 
it is possible to adopt standards of prac 
tice for desirable, or permissible, bright 
ness and color relationship. 

Committee 62c, Voltage Variations (See 
full Report.) 

62d, Lighting 


Cinemas (See full Report 


Committee Screen 


Lighting of Theatre 


full Report 


Committee 62e, 
Stages (See 
Television 


that 


Committee 68, 
1. It is 
country, prior to the next session, should 


desirable each interested 
report lighting de 
in the black and 


lighting of thé 


covering 
field of 


propose a 
velopments 
white television studios 
and for reception 

2. It is suggested that a special sub 
committee be appointed to deal with col 
or television. 

3. It 
dealing with the ambient 


is desirable to collect information 


lighting used 
when viewing. 

4. It is desirable to propose in collab 
oration with the transmission authorities 
viewers 


instructions for the use of tel 


which will enable them to adjust their 


receivers to give the best reception 


}. It is desirable that a thorough study 
should be made with the object of im 
proving the quality of films used in tel 
vision. 

6. It is desirable that a study of visual 
fatigue due to viewing be made in each 
country in collaboration with the 


appro 


priate medical body. 


Dr. Ward Harrison 
Elected President of C.1.E. 


XII of the 


on Illumination 


International 
held in 


At Session 
Commission 
Stockholm, Sweden, June 26 to July 


1951, Dr. Ward Harrison was elected 
of the 
four-year period ending in 


Session XIII will be held in Switzerland 


Commission for the 


1955, 


President 


when 


Other officers elected were: 


Netherlands) Hon. President 


A. Halbertsma ( 
W. T. Walsh (Great Britain ' 
M. Leblanc 
I. Folcker 
H. Konig (Switzerland Hon 
C. A. Atherton (United States Hon 


ce-Presiden 
(France Vice-President 
(Sweden Vice-President 
i Treasurer 
Treasurer 
recognized 


Dr. Harrison has been 


throughout the world, for many years, as 
a most distinguished figure 
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Dr. Ward Harrison 


Already honored with 


almost every award possible in the United 


of illumination 


States, his fame and distinction have also 


been recognized and respected abroad. 


In 1947 he was invited to give the prin 

pal address at the 1948 Summer Session 
of the Illuminating Engineering Society 
of Great Britain, an invitation extended 
only as an important honor. Last year, 


Great Britain conferred an additional 


honor on Dr. Harrison, electing him to 


Member, a 


award in their Society. 


Honorary jealously guarded 


In the United States, Dr. Harrison 


has throughout his career been one of 
profession 
The first 


Tilumination was 


the most respected men in the 
of illuminating engineering 
Doctorate in 


1940, by the Case 


Honorary 
conferred on him in 
School of Applied Science He has served 
1s President of the 'lluminating Engi 
neering Society (1922-1923), is a Fellow 


f LES., 


honor, the 


and has received the Society's 
LES. Gold Medal 


meritorious achievement 


highest 
1949 **for 
conspicuously furthering the profession, 
art, or knowledge of illuminating engi 
neering.’ 

Until his retirement a few years ago, 


Dr. Harrison was Director of Engineer 
ing, Engineering Division, Lamp Depart 
ment, General Electrie Company, at Nela 
Park, Cleveland, Ohio that 


his career has continued, as a Consulting 


Since time 


Engineer in that city 


C.1.E. Central Bureau 

Office at 1.E.S. Headquarters 
One of the offices at the LES 
New 


new 


headquarters at 1860 Broadway, 
York is 


for the Central Bureau 


now the permanent 
of the Interna 
tional Commission on Illumination. Miss 
Audrey Assistant to the Hon 


Secretary, C. A 


quarters 


Wiggins, 
orary Atherton, moved 
return from 
attended the 


Sessions this summer 


in August Ist, on her 
Stockholm, 
LC. 


where she 


TELECAST 


Nominations Invited 
For 1.E.S. Gold Medal Award 


The I.E.S8. Medal is awarded for the 
purpose of giving recognition to meri 
torious achievement which has conspicu 
furthered the profession, art or 
engineering 


ously 
knowledge of illuminating 
In making nominations for the Award, 
the following points should be observed. 
1. Candidates for the award need not 
be members of the Society, nor citizens 
of the United States or Canada, and may 
be nominated at any time by any mem 
ber of the Society, by presenting to the 
General Secretary at Society Headquar 
ters the of the individual whose 
accomplishments in his field are deemed 
whether it 
design, 


name 


such recognition, 
be in the field of 
applied illumination, optics, ophthalmol 


worthy of 
engineering, 


ogy, lighting research education, or ad 
ministration and management. 

®. In order for a candidate to be con 
sidered for the award of a given year, a 
letter requesting consideration of the 
proposed candidate shall be delivered at 
the General Office before January 1 of 
that year. 
3. Nominations 
Office 


and 


and records on file in 


from previous years, 


the General 
us reviewed referred to the next 
year’s committee by the previous Medal 
Award Committee, will be given consid 
eration along with any new nominations. 

The I.E.S. Gold Medal, established in 
1944, accompanied by an appropriately 
engrossed certificate of award has been 
presented to the following: George H 
Stickney, Preston 8S. Millar, E. C. Crit 
Matthew Luckiesh, Sir Clifford 
Ward and William 


No award was made in 1951. 


tenden, 
Paterson, Harrison 


F. Little 





IT SEEMS TO ME 











Projection Screen Surroundings 


To the Editor: 


My article on Projection 


Lighting 


Sereen Surroundings (ILLUMINATING 
ENGINEERING, July, p. 361) went to press 
too soon to include a reference to an 
important addition to our basic data on 
a paper by Sylves 
Park, entitled 
Key Factor in 


Pictures” 


this subject, namely, 
Guth of Nela 
Brightness: 


ter K. 
“Surround 
Viewing Projected given be 
fore the Society of Motion Picture and 
Television Engineers at New York, May 
2, 1951. 


oratory 


This gives the results of a lab 
research at Nela Park which ex 


plores some of the things I mention in 


Continued on page 12A 
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None burns brighter, none lasts 

mger than Westinghouse fluo- 
rescent lamps. For factories, 
stores, offices, schools or public 
buildings, their lifetime record is 
tops. 





SAVE 


You can now 








PERFORMANCE.. 


Since the introducuon of Wes- 
tinghouse fluorescent lamps, light 
output has been steadily increased, 
life lengthened, and price reduced 
Today's new discounts are new 
added proof of Westinghouse 
progress in lamp leadership 








VALE... 


Measured by any yardstick, 
whether quality of light output or 
lamp life, there's no better value 
for the money 








For details, call or write 
the Westinghouse sales 
office necrest you. See list 
ot right. Westinghouse 
Lemp Division, Bloom- 


field, New Jersey. 


10OA 


ory 
Albany 

A lentown 
Amar iio 
Afienta 


_ an 
gag: 2ick 


: 


Effective immediately, Westinghouse 
fluorescent lamps will be sold at new, 
greater discounts to quantity buyers. 
All types and sizes of fluorescent lamps 
come under this money-saving order: 
standard fluorescent tubes, slimlines, 
and circlines—you save on all! 

In quality, these lamps remain un- 
surpassed! Their end-to-end bright- 
ness, their uniformity of color, and, 
above all, their dependable perform- 
ance for thousands of hours add up to 
value that is not topped. 

So, whether you buy a few tubes or 
a few thousand, whether you are a 
regular Westinghouse customer, or a 
prospect, take advantage of these im- 


portant savings. 
pent 
Trinity 2.7010 
Anthony 3421 


44 Liltle Rock 
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MONEY! 


buy high - quality 
Westinghouse 
fluorescent lamps at 


NEW LOW 
NET PRICES 


on quantity purchase 
you CAN BE SURE...IF ITS 


Westinghouse 


ADORESS PRONE CITY ADDRESS PHONE ciTT 
Los Angeles 600 St. Paul Ave. Madison 6-388) Newark 528 Ferry St Mitchel! 2.3450 Richmond 110 &. Mai St 4758 San Francisco 410 Bush St Exbroot 2.5353 
Clay 8993 | Oklanoma City ) 1633 Roanoke Kerk Ave. & ist St 6263 Seattle 200 Westiake Ave N Garfield 2133 

8.8546 Omaha l | 3th Harney 8-700 Rochester Ave Monroe 1635 | Spokane 1023 W. Riverside Ave 

Daty 8-1800 Peoria Sst 8-533 Sacramento I Gibert 3.6525 26 Vernon St 

ea pons Main 1471 | Philadeiphia Evergreen 2-1200 | Saginaw a St. aT 100 W. Genesee St 
Nashville 2 9-9560 Pittsburgh 337 Bivd. of Allies Atlantic 1-€400 | St. Lowis 405 Wallace S. Bidg 
New Haven 5-3191 Pittsburgh McKee & Leonard Sts Federal | -9962 600 S. Main St 
New Orieans 238 So. Saratoga St 

New York @ Wall St 


PHONE CITY 


Salt Lake City 
Portiand Ore 309 SW. 6th Ave Atwater 9464 San Antonio 


sa 319 
Tulane 889 
Whitehall 3-432] Prowdence 51 Empire St Gaspee | 0818 


3 | 
Washington, D.C 1625 “K” St. N.W. National 8843 
San Diego 1 Main 8151 Wichita 301 S. Market St $2631 
Wilkes-Barre 267 N Pennsylvania Ave a1 
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pieture sereen only large enough to take 


ing in special need of the pieture with a reasonable margin of 
should be safety, the most of the picture surround 


studied by all 


hbeeomes controllable as to brightness, 


y interested in this su! 
general 


James R. 


independently of the stray or 


lighting of the auditorium 


keley, Calif. 


permit an adequate 
points may be men CravaTH, Be 


ious borato set ' 
: , wei To the Editor: 


surrounding conditions of a 


' In glancing through the July issue of 
a movie theater were 


s ILLUMINATING ENGINEERING, I found an 
st the observer could 
I turned 


article signed by J. R. Cravath 


a few 


was by A. D 


border brightness (the 


pages to see if the “discussion” 
Curtis, C. E. Ferree 
by A. J 
start to th 
1914 
I was happy to read the footnote “Th« 


irea between the pic 
com 
he projection . 
municated or possibly Sweet 
irround brightness, so 
ind then awakened with a 
the ob 


realization that it is 195. and not 
ire being 
surround ; 
. author now retired and living at 
fieant effect on 

I want to express the hope that Mr 
rightness pro : 
Cravath’s retirement will result in more 

ess than the 
articles on 


ipers and lighting IT re 


border 
mmount of pio 


member the tremendous 


neering work he did on glare and its 
None ) ) rve 

. elimination. I feel that the Society will 
zero surrounding brightness : : . 
. be much further advanced if he continues 
preference was for rbout 


his work in illumination —LYMAN Day 
Moroan, Pacific Northwest Diatrict Man 


ade shurah Reflector Co 


border who 


brightness All 
ires indicated 
a , 


er brightness was of the greater 


The results later 


given 


er brightness A range 





footlam 
used had 


transmission of 10 per cent 


rightness from 0.1 to 6 


ABOUT PEOPLE 


us explored. The firm 











1 range of 


r nt 
re ef 


R. Allen Benjamin has been elected 
bg ge “eg Viee President and Seeretary of the 
whom Tan A series 

Des 


Electric Mfg. Co. 


taking on the 


Benjamir 
Plaines, Ill 


f the Engineering Department as well 


supervision 


1ing t act as chairman of 


d Committee and 


Material 


announced was the 


ising 
ning and Con 
o appoint 
Arthur E. Swedenborg as As 


er Sales Manager wit! 


‘ai 
in Des Plaines 


Frank Thornton, Jr.. manager of er 

issociatior ictivities for 

Corp. sinee 1931, 

2 years with the 

n ny He \ e succeeded by 

Hendley Blackmon, who has been as 
With a sistant manager 


rhtness the stray 


Harry L. Erlicher, Vice-President of 
Fleet ric 


footiar 
votlambert 


General Company, has been 


rhtness < 


Under 
Archibald § 
Erlicher will be 


assistant to the 

Army 
in charg 
nent and production ex 


office of the 


Under See 


Paul T. Onderdonk 


engineer with 


lesigns Edison Company, has been 


Technical 


Sol 


New York, an affiliate 
of the local sections of 17 technical soci 


eties Council of 


eties in the area. 
Fluores- 
Bruce 


New officers elected by the 
Lighting 


cent Association 
Todd, 


President; Harry Weiss, Treasurer; Bert 


are: 
President; Rudy Hultgren, Vice 


Pretzer, 2nd Vice-President, and Don 


Ingwersen, Secretary 


The Board of Directors of the Elec 
trochemical Society have 
that the first Palladium Medal Award 
to Dr. Carl Wagner, 


of Metallurgy, Mas 


announced 
will be presented 
Visiting Professor 
Institute of Technology, at 
9-12. The 


award is being given for his contribu 


sachusetts 
their fall meeting, October 
tions in fundamental electrochemistry 
and work with corrosion problems. 
The Miller Company, Meriden, Conn. 
L. M. Grawemeyer as 
of the 


has appointed 
sales manager Illuminating Divi 


sion ¢ hat mpany 


Robert E. Jordan has 


manager of the General Electric Lamp 


been named 
Niagara Sales District, with 
Buffalo, N. Y., it 
He sueceeds Harry 
E. Huff, who died in Buffalo of a heart 
attack July 

of the 


Division's 
headquarters at was 
innounced recently 
15, after having been man 
1941. Mr. 


lamp 


ager district since 


Jordan has served in the sales 
field in upper New York state for many 


years 


elected 


Section of 


E. L. Dodington, recently 


Secretary of the 


LE.S., has accepted 


Toronto 
a position with the 
Sterling Electrical Company, St. Cath 
arines, Ontario, and has had to resign 
D. J. Me- 
Hydro Electric 


System has been appointed to serve in 


as Secretary of the Section 


Kenzie of the Toronto 


that office 


Edmund C. Schorr has been appointed 
; Electric's 


manager of sales of General 
Transformer and Ballast De 
Wayne, Indiana. Mr. 
LE.S., 


ies September 1 


Specialty 
partment at Fort 


Schorr, an active member of 


assumed his new dut 





BOOKS AND PAMPHLETS 











See Them |) 
published by G 


Colours and How We 
Hamiltor 
Bell & Sons, Ltd., London, 1949; avail 
J British Book 
New York 
pages, 39 black 


12 eolored 


Hartridge, 


able in the U. 8. from 
Centre, 122 Street, 
City; 169 4%4 
and white illustr 


plates; price $3 50 


ILLUMINATING ENGINEERING 





WHY MILLER RATES YOUR 


WHEN YOU 


Because of experience — 107 years’ 
pioneering and progress in GOOD Lighting. 
Because of all-inclusive equipment for the best 
use of all light-sources — Fluorescent, Incandescent 
and Mercury-vapor. Because of wide acceptance — America 
is dotted with Miller lighting installations in stores, offices, 
schools, factories, and public buildings. 
Miller Lighting Systems are built on an 8-Point QUALITY 
standard, designed to provide light of highest 
efficiency, and to give long satisfactory 
service. Engineering features make for easy instal- 
lation and maintenonce, and these make for 
LOW OVERALL COST (cost of equip installation and 
maintenance). You can light with confidence the 





proven Miller way. Miller field engineers and 
distributors are conveniently located 
for nation-wide service. 
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CONSIDERATION 
ARE PLANNING LIGHTING 





Tay oH tei: 
ied _ —\ eas 


THE - COMPANY weriven, conn. 


SINCE 1844 


ILLUMINATING DIVISION, Fluorescent, Incandescent, Mercury Lighting Equipment 
HEATING PRODUCTS DIVISION: Domestic Oil Burners ond Liquid Fue! Devices 
ROLLING MILL DIVISION: Phosphor Bronze ond Brass in Sheets, Strips ond Rolls 
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NOW YOU CAN GET COMFORTABLE, 
EFFICIENT LOW-BRIGHTNESS LIGHTING 


-WITHOUT HIGH MAINTENANCE COSTS 


The new Gill luminous, 45-degree shielded 
luminaire for use with low-brightness lamps 
gives you 

. . » Maximum lighting efficiency 


. . »« Minimum maintenance costs 


Gill Catalog 545 S-LB 


Offices of Mapes and Sprowl Steel Co., Union, 
N. J. have been recently lighted with four con- 
tinuous rows of the new Gill luminaires. 


— , - 22 ; 
High School classroom, North Plainfield, N. J 
Four rows of Gill luminaires were used per room 
} 


throughout this school Complete sdlumimmation 


data available on request 





Gill Glass & Fixture Co. Company Sales Representatives in Principal Cities 
Amber and Tiega Streets Gill luminaires are sold through leading electrical distributors. 
Philadelphia 34, Pa. E.T.L., Underwriters’ Laboratories, and Fleurolier approved. 


, ' or is ti Union wired. ° 
Send me turther details on “at 545S-LB 


= ' Hh ' Use the coupon at left to get further detailed information 
SORE ENS COMPLETE NE SETS CONG on the new 545S-LB and other Gill luminaires for 

Niam school, office and commercial installations. 

i ame 

Company 


Address 


City 


GILL GLASS & FIXTURE CO. 
Amber and Tioga Streets 
Philadelphia 34, Pa. 
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Every Bryant Fluorescent Starter is manufactured 
under the strictest supervision to assure dependable 
performance and long life. Each starter is: 


® Made from the highest quality materials 
® Precision assembled to exact specifications 


® Individually inspected and electrically tested 
on actual lamp load 





“NO BLINK” TYPES ws AUTOMATIC RESET 


These starters eliminate blinking and flickering (Restores the circuit as soon as new lamp 
is inserted.) 


Twe pin—for 40, 85, 90 and 100 watt 
life, thereby protecting the ballast and prolonging ’ lamps 


of lamps which have reached the end of their useful 


the life of the starter Four pin—for 85, 90 and 100 watt lamps. 


Listed as Standard by Underwriters’ Laboratories, inc 








THE BRYANT ELECTRIC COMPANY 
MANUAL RESET 


(Circuit restored by pushing small red but Bridgeport 2, Connecticut 
ton in top of starter, after new lamp has 
been installed.) 

Twe pin—for 15, 20, 30 and 40 watt lamps CHICAGO « LOS ANGELE 
Four pin—for 85, 90 and 100 watt lamps 











| 
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Now, you can take all guesswork and disappointment 
out of your lighting installations. You can get the 
exact lighting results expected by you, your architect 


or lighting advisor. You can be sure you'll be satisfied! 


Merely ask the specification writer to express the 
illuminating characteristics you want—in the simple 
formulas of the Fleur-O-Lier Index System. 

Then the problem of selecting the lighting equipment 
that will deliver precisely what is specified is easy. 
For every Fleur-O-Lier fixture is rated on its perform- 
ance. You get complete information—the illuminating 
characteristics, coefficients of utilization, photo- 
metric test data and certification on its electrical and 
mechanical construction. You know in advance just 
what you're getting. 

Don’t gamble on a thing so important to increased 
sales as lighting—be sure you get what you want— 
specify and select with the Fleur-O-Lier Index System. 


FLEUR-O-LIER 
Wanufactunrers 


2116 Keith Buliding *« Cleveland 15, Ohio 


Flewr-O-Lier is met the mame of an individvel monvfocturer, but ef @ group of 
fixtures made by leading manufacturers. Participation in the Flewr-O-Lier program 
is epen te eny manufacturer whe complies with Fleur-O-Lier requirements. 








Write for new booklet giving 
complete details of the Fleur-O-Lier 
Index System. 

Also ask for Electrical Testing 
Laboratories’ report of ratings 
assigned to more than 300 
Fleur-O-Lier fixtures offered by 

25 leading manufacturers. 


address 


Fleur-O-Lier Manufacturers 
2116 Keith Building 
Cleveland 15, Ohio 
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+ doesn't matter what the application may be .. 


. there's @ 


Smithcraft fluorescent fixture 
Energy Proj 


ect, for example, 


is one of the thousands of installations that utilize “lighting by Smitheraft”. Textile mills, 


A. for virtually any industrial locaticn. The Oak Ridge Atomic 


We machine shops, industrial plants of every description . - 


_ throughout the country, Smith- 


craft fixtures provide the “better-than-adequate lighting that’s so effective in increasing 


labor productivity. 


There's a reason, of course. We all know that there's more to good lig 
eye .-- and that essential “more’ is provided by Smithcraft's features © 
ease of maintenan 


facture. These features assure ease of in 
trouble-free service. 35 well as unexcelled lighting 
We've compiled descriptive folders and specific 
fixture into 4 bound catalog that's yours Tor the a 


e why “America’s Finest Fluorescent Fixtures’ are pro 


a 


rr 


AX\\) 


liu 
X ae 






(| meu 9 i 
as = 
ca’s Limest tucrerscent fectecee ™ 








hting than meets the 
§ design and manu- 
ce, and long-term 


aft fluorescent 








LIGHTING DIVISION 


ENCLOSED LUMINAIRES 


Aluminum Heod 

For Mounting of Series or 
Multiple Receptecie & 
Sechet 


Boil Letches 
Fer Detachment of Heed from Re- 
sh P e 
Clamp-Type ip Fitter Hector for Reiemping 
with Stoiniers Steel Bolts 
Aligning Set Screws ond e 
with Percelein Heat Bof- Spun Al 
fle. Fer Positive ettech- Aluminum Reflector 
ment of Lumingire te 14” - —— . For Meximum Speculer 
or 2” Pipe Brocket Light Reflection 


Stainless Steel Retractor Glassware 
Wedge Sead tor LES. Type | ond Ii! Light 
For Wetertight, weether- Dictrifmeth DiftusingGiob 
preef see! witheut ges- fer Type IV & V Distributions 
kets 





*Monvfoctured under Aluminum Co. of Americo Potents 





dt 





@) With Shert Slip Fitter without heet beffte 

b) With topped heed: fer top mounting 

¢) With verious errengements for externe! wiring 

d) With Wet Process Porcelain Heads 

@) With Dire<t-See! Automatic latching Gilesswere 

f) Senier and Junior Types —design dereils upen 
reques! 


Alse, a complete line of Open-Type Luminaires, 
Pipe Brackets, Mast Arms, Steel end Weed poles, 
etc. 











Complete Pole Line Equipment 


20 MORTH WACKER DRIVE, CHICAGO 6, HK. 
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IMPROVE Fluorescent Fixtures 


with PLASTIC PROCESS 
diffusers and shields! 


Ke. ' 








Plastic Process 
) has the "edge" 
. ’ a pew ag 


He canfloare 





auaclatle 


YOU KNOW THE SITUATION. 
scarcities and allocations. 


ae, 


We don’t have to tell you about 





But we want to give our good customers the assurance that we 
are making—and will continue to make—every effort to fulfil our 
commitments and to apportion our production on the fairest 
possible basis. 
The PLASTIMODE “Section Sampler” 
is still available to 


Fluorescent Fixture Manufacturers 





A compact, convenient “file” of 3-inch sections in a permanent, 
attractive box, plus our complete catalog. Indispensable as a 
reference for design engineers or manufacturers. 


We shall be pleased to have our engineering staff cooperate in 
designing parts to your specific requirements. We serve manu- 
facturers in all parts of the U.S. . . . prices quoted delivered to 
your plant. We shall keep you advised of the situation on pro- 
duction and deliveries. 


STIC PROCESS CO., INC. 


662 N. ROBERTSON BOULEVARD - LOS ANGELES 46, CALIFORNIA 
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“Based on shipping 
records for 6 months 


5050 Visvolier series available in 4 ft. and 
8 ft. units —two lomp rows — fvorescent 
or slimline — individual mounting or con- 
tinvous runs. Four lamp matching fixtures 
also available 








GARDEN CITY PLATING & MFG. CO. 


1760 N. Ashland Ave. + Chicago 22, Ill. 
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-use PC Functional Glass Blocks 


a & & 
AT THE Murphy Paint Compeny Limited, ® » Se 
Terente, Ontario, Ceneda, the [PC Vision- : * 
Lighting Pien, utilizing PC Fuactiond Glass ~ - 
Blocks, effectively complements the elec- ~ ene saaees: a 
tric lighting plan. Here, protective lighting SH Oem. 
et night is afforded on surrounding yords 


- The PC Visoe-Lightiag Plan consist: of orieato- 
tioa-keyed areas of PC Functional Glass Blocks 
—selected for sve or non-sue exposure—used 
with visoe veatilatroa areas a required. 


@ In schools, offices and plants, whether lighting new buildings or 
re-lighting old ones, PC Functional Glass Blocks complement electric 
lighting. They help create comfortable, low-brightness ratios and ade- 
quate illumination levels during daylight hours, conforming to illumi- 
nating engineering and architectural standards. 

Installation is easy and quick. And on-the-job cleaning is expedited 
by the new PC “Clean-Easy Face Finish.” 

PC Glass Blocks help maintain proper temperature and humidity 
levels, because they have more than twice the insulating value of 
ordinary glazing. They reduce heating and air-conditioning costs. They 
involve no wood or metal sash, so there is no periodic repairing, paint- 
ing and puttying. Normal rainfall and routine maintenance preserve 
their high light transmittance. And PC Glass Blocks are immediately 
available. 

For complete information on PC Glass Blocks, fill in and return 
the coupon. 


PC Glass Blocks ane immediately available . 0 construction delays! 
PITTSBURGH CORNING CORPORATION 


PITTSBURGH 22, PA. 


Bolas, BLOCKS 


(was saw Yodashey Guliiee, Orange 
Coast College, Coste Mesa, Calif, utilizes 
clerestory panels of PC Soft-Lite’ Priem B 


electric lightin ). Architect: Robert E. Alex- 
ander, Los Angeles, Collf. 


*T, M. Reg. Applied For. 


CLEFT ee O. 
~~ 4 ~ 
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THE MODERNIZATION of the Luce Building in New York City 
included the replecement of lerge areas of outworn windew 
sash with penels in which PC Giess Blocks were combined 


——¥ 


Cor 
ning venue 


h 
pittsbure ng en 
1 
Dept. Q-9 
Pi ittsburst -- —™ 
io 
Without ee 
a aol i ~ ks in indus 
; 
and public buildings 


please 
se 0 
reial 


my part. 
xlet on the U 
trial, comme 


Name 


Distributed by Pittsburgh Plote Giess Company; W. P. Fuller & Co. on the Pacific Coast; Hobbs Gloss Lid. in Conede; and by leading distributors of building materials everywhere 
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HIGH 
PRESSURE 


MERCURY VAPOR LAMPS 


FOR 
INDUSTRIAL LIGHTING (MEDIUM AND HIGH BAY) 
STREET LIGHTING * FACTORY AND RAILROAD YARDS 
POWER HOUSES « GAS STATIONS 
INDOOR AND OUTDOOR SPORT ARENAS, ETC. 


MOST 
ECONOMICAL 


HIGHER 
LIGHT 
OUTPUT 


LONGER 
LAMP LIFE 


@ For 50 years Hanovia has been the foremost manu- 


FEWER LAMPS facturer of various types of mercury lamps for ultraviolet 
NEEDED applications in Industry, Medicine, and the Home. 








@ Hanovia is now making available its vast experience 
and know-how to the field of general purpose lighting. 





REDUCED 
MAINTENANCE 
costs 


INQUIRIES FOR 
REPRESENTATION 
ARE INVITED 














WRITE TODAY FOR FULL INFORMATION 


CHEMICAL & MANUFACTURING COMPANY 
TYPE H LAMP DIVISION 
100 CHESTNUT STREET, NEWARK 5S, N. J. 
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Sa 
There never was a book like this because the job and installed in its entirety by a 
there never was a product like this. The Wakefield-licensed electrical contractor. To 
Wakefield Ceiling is a completely inte- know about the Wakefield Ceiling you 


grated means of providing total lum:nous- must read this book. A letter on your 


acoustical environments, produced in ac- 
cordance with your specifications at the 


Wakefield factory, shipped complete to 


business stationery will bring you a copy, 
free of charge. Write to The F. W. Wake- 


field Brass Company, Vermtlion, Ohio. 


Clakefillil Over-ALL Lighting : 


i477) 
mae Se 


ee X 


Trt STAR THE WAKEFIELD CRUNG 


} 


ra 
oe > 


YE GEN ADEE® Tt COmmO00@8 
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ELECTRO fluorescent fixtures 


now let you safely specify 
the added shielding 
advantages of 


LUSTREX* styrene 


Added light—added beauty—and added assurance of complete satisfaction are all now 
available in ELECTRO commercial fluorescent luminaires with LUSTREX Styrene louvers. 
Only ELECTRO Lustrex Styrene Fluorescents offer these better lighting features 

@ Guaranteed against warping and discoloration under normal use 
for the life of the fixture. 

@ No light loss! Translucent side panels transmit light—do not 
trap it. 

@ Louver panels are moulded—not just interconnected—for added 
rigidity and superior conformation...the dimensions of the 
openings remain constant! 

CHOOSE FROM A COMPLETE VARIETY OF SMARTLY STYLED, MODERN COMMERCIAL 
FIXTURES...featuring the ELECTRO “Basic Unit,’ the exclusive engineering idea that per- 
mits easy interchangeability of luminaires 


ALSO! LUSTREX STYRENE IN A COMPLETE RANGE OF SLIMLINE MODELS. 


ELECTRO 
MANUFACTURING CORPORATION 


2000 WEST FULTON STREET © CHICAGO 12, ILLINOIS 








*A product of Monsanto Chemical Co. 
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MINIMIZE NOISE COMPLAINTS 
with G-E SOUND-RATED’ BALLASTS 


G-E engineer puts bollast through series of rigid tests. Constant attention to sound 
levels by G.E. helps you minimize the noise problem. 


HOW G-E SOUND RATING WORKS 


© Tees 1S TOUR APrUC ATION AMD YOUP AVERAGE AMBIENT MONE LEVEL 1S meee 


Broadcast Studio ! 

Church 24 decibels 

Country Rewdence 

Evening Schoo! | ' 

City Reudence 26 WO decibe 

Quret Office 

Average Revdence 

Publ Library 32.36 decide 

Study Hol! | 
! 

Classroom 2 de 

Protessone! Office | 


Nowy Rerdence 
Business Office 





























Store 
Nowy Office 
Factories 
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*“SOUND-RATING: GE's new 
classification of ballasts to guide you 
in the correct application of fluorescent 
fixtures. 


A new tool to help you 
build greater customer 
satisfaction 


Every fluorescent ballast has a normal, mag- 
netic hum. But now, for the first time, you 
can know the relative sound level of the bal- 
last before you buy. For G-E engineers have 
pioneered a system for measuring ballast sound 
levels accurately. These measurements have 
led to six classifications: from ‘‘A’’—-extremely 
quiet, to “F’’—-quite audible. This means that 
you know, before installation, which ballasts 
are right for any given application whether 
it be church, school, noisy factory area, or any 
one of a wide range of other locations. 

Take the first step toward eliminating cus- 
tomer complaints about objectionable noise. 
Write for GEA-5672, a four-page bulletin 
which explains Sound Rating in detail. A 
reprint of recent technical information (GER- 
366) is also available. Write Section 412-94, 
General Electric Co., Schenectady 5, N. Y. 





Now on the press... 





Special Authorized Second Edition 


IES 
LIGHTING 
HANDBOOK 


Completely Revised ! 


17 Big Lighting Sections — Appendices — Manufacturers 
Data — Speed Index — 900 Pages — 655 Photos, Draw- 
ings, Lighting Tables, Charts, Graphs that make tough 
lighting problems easier to solve. 


WILL BE PUBLISHED—OCTOBER 1951 


HERE’S HOW-TO-DO-IT HELP in tackling any kind of lighting job. Here’s a one-volume book of lighting facts 
that gives you quick, accurate answers to all your questions. This all-new 900-page lighting Handbook, the 1951 
encyclopedia of lighting, gives you step-by-step guidance through the whole vast subject of lighting, from basic 
theory to every-day application of good lighting to 1951 lighting problems. You get facts-you-can-use on the physics 
of light, vision, lighting standards, the latest trends in color lighting, light measurement, light sources, light control, 
coefficients of utilization tables, daylighting, exterior lighting, sports lighting, transportation, photographic, projection, 
reproduction lighting, miniature lamps, radiant energy. Here in one easy to use volume are all the facts you'll ever 
need to solve any lighting problem under the exacting limitations of materials shortages and war-time economy. 


Special PRE-PUBLICATION Offer Saves You MONEY 


To — ILLUMINATING ENGINEERING SOCIETY 
1860 Broadway, New York 23, N. Y. 

Please reserve for me one copy of the all-new 900-page | E S LIGHTING HANDBOOK 
for 1951 and send it to me immediately upon publication. 

| shall examine it for ten days and if | wish to keep it shall send you the special IES member 
price of $4.50.* (Non-Members: $5.50.) This saves me $3.50 over the post-publication price of $8.00 
or $1.00 over the specie! price of $5.50 for one member copy after publication. If for any reason 
1 am not completely satisfied with the HANDBOOK | shall return it without obligation. 


Name 
Address 
City Zone State 
Company Position 
NOTE: If you care to send slong payment with this reservation and so save the Society 


bookkeeping expense, your courtesy will be sincerely appreciated. Immediate refund of your 
money without question if you are not 100% pleased with the HANDBOOK, of course 


FREE INSPECTION COPY 
ae 


We invite you to see, read, and use a 
copy of the Handbook free of any 
charge! Just return the enclosed FREE 
INSPECTION COUPON and one of 
the first copies to come off the press 
will be rushed to you. We ask you to 
examine it carefully, to put it to any 
exacting test, to satisfy yourself that it 
is the kind of book you need .. . or 





it will cost you nothing! 


*The special pre-publication price to 1.B.8 
members ie $4.50. If you returned a card 
stating $5.50, or sent in your check in 
that amount, you will be billed at the 
correct price or difference refunded 








1. Efficiency —The famous Electrical Testing Laboratories 
report on LUVEX states an 83% efficiency rating, a remork- 
able engineering achievement for a shielded slimline fixture. 


: FOR CHOOSING 


2. Sturdy Construction—The rugged truss-type chassis will not 
bend, sag or flex. The heavy gauge steel enclosure and louvers 


ore completely interlocked for one piece rigidity and elimi- ® 
nation of noise. 


Day-Brite’s shielded-type slimline fixture. Luvex is engineered 
for two 40-watt fluorescent or 40, 60 and 75-watt slimline 
lamps. Recommended for suspension mounting only, it can be 
installed as single units or continuous runs. Why not get all 
the facts on LUVEX? Write today for full information. Day-Brite 
Lighting, Inc., 5432 Bulwer Ave., St. Lovis, Mo. In Canada: 
Amalgamated Electric Corp., Toronto, Ontario. Distributed 


3. Low Brightness—The design of the fixture combines with nationally by leading electrical wholesalers. 
the suspension mounting to provide a light distribution curve 
which reduces the brightness ratio between fixture and ceiling. 


4. Easy Mai And the i 

is inexpensive, too. The LUVEX can be cleaned 
and relamped without disturbing a single 

port of the fixture . . . or touching a 

latch, bolt or chain. 





DECIDEDLY BETTER 


5. App DAY-BRITE 
for yourself. This all metal slimline master- 
piece with the Hot-Bonded super white enamel Bg PT, V/AILLALE, 
finish adds modern beauty to any store, office or school. 
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When re-lighting o “period room” he clahrion oda wth ering egies ean 

to success. 

RAMBLISCH recently lighied the iow York Sing Gh SAS Schau Mall silage tho Galles * 

and galleries while retaining the quiet dignity of this Richardson Romanesque interior. 

The principal source of light is five large pendant fixtures above the main chamber floor and six smaller hanging 

fixtures above the galleries. These are designed to give direct, indirect and diffused light. Supplementary lighting 

is concealed above the deeply coffered ceiling and consists of twelve RAMBUSCH Rotospots accentuating the 
“oe rostrum and forty-six RAMBUSCH Downlites covering the floor area. Dimmers have been installed making it 
_» possible to regulate the level of lighting from zero to sixty foot-candles providing adequote facilities for tele- 

vision photography. 

Our organization of designers, engineers ond craftsmen is nationally known. We welcome your inquiries. 
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the GUTH 4-tt. SLIMLINE 


Last year we started out with 
both 4- and 8-ft. slimline — 
and 4-ft. has won by a land- 


- ‘eq more 
were’s to GUTH a-tr, Stielines! ot then slide! Sales have zoomed 
Yere hendie e ad easier -_ ' 

profitable te and | have for higher than anyone had ex- 
. fixtures +> ee 
the long ame pected. Lighting men every- 
m 
noite Lighting Wholesaler where have fallen in love 


pittsburgh Pe with GUTH 4-ft. Slimline. 


Here's what some say: 


i 


clients because © 
lengths. Tokes 5° 


intain.” 
stall and me P 
Lighting Engines’ 


gp, Petersburg: Fe 


9 me for #9" 
A-fs. Stim- 


P isin 
are still pro 
short Gul af 
Mh the economy © 
of Slimline Hightn@ 
fr. length” 


Architect 
Los Angeles, 


“My clients 
gesting convenient: 
lines. Give* them © 
nol advanteg® 


functio 
. clumsy e 


without the 


Cal. 


4-Ft. Slimline now available in every 2- and 4-lamp fixture 
in the entire GUTH line! See your GUTH resident engineer, 
or write for Bulletin 871-4 giving full details. 


LIGHTING 
THE EDWIN F. GUTH COMPANY + ST. LOUIS 3, miSSouR 
Lonihiis wm Light. france igor 














( Pexes" ae a 
CReraaricder) s, 
PITTSBURGH PERMAFLECTOR LIGHTING EQUIPMENT 

is ‘standard equipment” in offices, public buildings, and plants throughout 
vunbergh, Pe. the country. Pittsburgh Permaflector Fluorescent and. incandescent Units, or a 


A PERMAFLECTOR PORTRAIT 
The Levinson Stee! Co. 


Elkan A. Avner, Architect 
D. Levinson, Elec. Contr. 


~.al Wor 





combination of both, are designed to create exactly the illuminating 


results required for *high level working efficiency and visual and manual acuity 
Too, unusual and dramatic !ighting-designs are easily achieved when 
Pittsburgh Permaflector Equipment is installed. Our lighting engineers will gladly 


“work with you on your individual problems 


Pirrspurcn Rertector Company 


411 OLIVER BUILDING * PITTSBURGH 22, PENNSYLVANIA 
MANUFACTURER OF FLUORESCENT & INCANDESCENT LIGHTING EQUIPMENT 
Permafiector Lighting Engineers in All Principal Cities 


PITTSBURGH PERMAFLECTOR LIGHTING EQUIPMENT S orsTRis 


JTE OC BY BETTER ELE 


IF YOU TOO, WANT TO 
PUT “EIGHT TO WORK’ 
Send for the booklet ‘Planned 
Lighting For Modern Offices’ 
It's the picture story of how 
others have put Pittsburgh Perma- 
flector Equipment ta work in 
their offices 


HOLESALERS EVERY WHERE 








Color-True Lighting 
Helps Sell Merchandise 


Architects: 
Sonders ond Malisin 
New York City 


Flectricol Engineers 
Smith ond Silvermon 
New York City 


Electrical Contractor: 
Johnson Electric 
Corporation 
New York City 


Fixture Monvfocturer 
Ruby -Philite Corporation 
Long Island City 


Gloss 
CORNING 
“Light-Weight” 
Lens Ponels 


¥ 


CORNING ‘‘LIGHT-WEIGHT’’ LENS PANELS SELECTED FOR NEW LANE BRYANT STORE 


Lighting should help make merchandise look its 
best besides adding decor to the surroundings 
That's why CORNING “‘Light-Weight"’ Lens 
Panels were specified for the new Brooklyn unit of 
Lane Bryant Stores 

Corning’s new clear crystal glass assures high 
lighting efficiency. It transmits the true color of the 
light source—especially important where tine fab- 
rics are displayed. Back surface fluting cuts down 
end and side luminaire brightness. Fresnel design 
lenses distribute light evenly 

CORNING Lens Panels add special beauty to any 
installation. Single panels available for fixture 


CORNING GLASS WORKS 
CORNING, NEW YORK 


Comnung meant eseacch in Gites 


openings of varying lengths eliminate unsightly 
joints. This feature streamlines appearance, does 
away with light leakage, and permits more design 
flexibility. And these are the lightest weight lenses 
on the market today—weighing only 1% Ibs. per 
running foot (11 inches wide). This makes pos- 
sible lighter, less expensive fixtures and lower ship- 
ping costs 

In fact, CORNING Lens Panels cost less all 
around —less to buy, less to install . . . less to clean. 
Find out more about CORNING “‘Light-Weight’’ 
Lens Panels and what they can do for you. Write 
for information today. 


CORNING GLASS WORKS 
Dept. IE-9, Corning, N. Y. 


Please send your bulletin describing CORNING “Light-Weight” 
Lens Panels. 


Nome Title 


Firm 


1851 + 100 YEARS OF MAKING GLASS BETTER AND MORE USEFUL + 1951 


Technical Products Division: Laboratory Glassware, Signalwore, Gloss 
Pipe, Gauge Glasses, Lightingwore, Optical Gloss, Glass Components City 


Address 
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Secause... 

Quiet operation is assured 
with Advance Ballasts due 

to the method of riveting shell 
type units, All points of mag- 
netic stress are securely riveted 


y 


Secause... 
nae ; : ‘ Special circuits in Advance Bal- 
minimizing noise during service. lasts insure better regulation Every step is taken to main- 
with varying voltage and tain lamp current wave shape 
equal light output per as close to sinusoidal as pos- 
lamp. sible, thus assuring longer 
ad lamp life. 

Vacuum impregna- 
tion insures longer 

ballast life. 








= 
Oecause... 


Our patented construction affords weight sav- 
ing as high as 30% for the 96" T-12 Two- 
Lamp ballast at 430 m. a. The lightest bal- 


lasts available for independent stroboscopic Ve 
corrected lamp operation. @q 


Because + « « A continuous “Acceler- 
ated Life Test” of vital materials main- 
tains unvarying quality. 





~~» 


a4 MULTIPLE TYPE 


SLIMLINE BA 
BALLASTS aud Because - + « Advance Trans- 


former Company is constantly striving to 
increase the efficiency of fluorescent ballasts 


a D U Q n C £ which effects savings for you and your clients. 
TRANSFORMER vr 
Co. qhe t Ballo”f wy CABLE ADDRESS: 
1122 W. CATALPA AVE., CHICAGO 40, ILL., U.S.A. 
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Another Important Advance in Lighting Technique 


NEW HOLOPHANE VERTICAL SURFACE LIGHTING 


Featuring CONTROLENS’ with Concave Cross Section 











ee wey 











“A'' — Vertical Distribution 
in Plane of Offset 


‘*8''—Letere! Distribution in 
Plane of Meximum Candie- 
power 


Precision Illumination for 
Control Boards * Gage Boards « Bulletin Boards 
Displays * Murals + Paintings « Chalk Boards 


Holophane does it again . .. with new and revolutionary 
units that perform at least twice as effectively as anything 
previously known . . . Unprecedented in design, they 
provide an altogether different prismatic pattern because 
they feature a new CONTROLENS with concave cross 
section. This CONTROLENS directs a major portion of 
the lamp output to the vertical surface, with only a mini- For engineering details, specifico- 
mum of brightness toward the observer. The result: high- pe erage mayen 


est degree of discernability with maximum visual comfort. termining initio! illumination on 
vertical surfaces, write for DS$-34, 
Neo. 798 folder. 








HOLOPHANE COMPAN 


7 A 


pre tte 
27 MA AVEN YEW Y RK a | Y 


* neg. VU. & Par. OF, 
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Semi-indirect fixtures with extruded PLEXIGLAS shields, at the 
General Accounting Office Building. The shields reflect and 
transmit light from two filvorescent lamps in such proportion 
that the fixture-to-ceiling brightness ratio is less than 1:2; an 
ifumination level of 40 foot-candies is obtained on the desks. 
Fixtures designed by Mr. T. F. Coughlan, Public Buildings 
Service, for general use in government buildings. PLEXIGLAS 
shields extruded by Southern Plastics Company, Columbia, 
S. C., and Plax Corporation, Hartford, Conn. Fixtures monu- 
factured by F. W. Wokefield Bross Co., Vermilion, Ohio, and 
Moe-Bridges Corp., Sheboygan, Wis. 


At the General Accounting Office Building... 


extruded PLE XIGLAS sii: 


Nearly thirty-three thousand fluorescent fixtures, 


with twenty-five miles of translucent PLExicLAs 
shields, light the new General Accounting Office 
Building in Washington. 


Extruded from PLexicLas acrylic molding powder, 
the shields are important to the successful light- 
ing of the building. They reflect light to the ceil- 
ing, to create large-area, low-brightness, indirect 
illumination. They also transmit the proper pro- 
portion of light needed to maintain a minimum 
brightness ratio between the luminaires and 
the ceiling. 


Prsextcias is @ trade-mark, Reg. U. S. Pat. Off. and in principal 
foreign countries 

Canadian Distributor: Crystal Glass & Plastics. Led. 130 Queen's 
Quay at Jarvis Street, Toronto, Ontario, Canada 


From luminaires to luminous ceilings, white 
translucent PLExicLas contributes to better 
lighting. Available in the form of flat or corru- 
gated sheets, and as molded or extruded sections, 
this durable acrylic plastic provides uniform dif- 
fusion and efficient transmission of light—plus 
excellent color stability. In addition, the light 
weight and strength of PLexicias give freedom 
from breakage during installation and mainte- 
nance, and safety overhead in service. We will 
be glad to tell you how Piexictas can be used 
in your next lighting installation. 


CHEMICALS [el FOR INDUSTRY 


ROHM & HAAS 
COMPANY 


WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
Representouves in principal foreign countries 
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there may be a better lighting system— 
ut it hasn’t been discovered yet! 


“s? ine he “ 


module sti ommercial Lighting 


REG U S PAT OFFICE 























from everyone’s 
viewpoint... 


more > A wholesaler 


| ig ‘al t i contractor 


aN 


Yes, MITCHELL MODULE is still unequalled for effective light '$ $ 
output, unequalled because inch for inch it delivers more light ~?, architect 
per operating dollar than any other louvered commercial fe 

fixture. MODULE’s exclusive Polystyrene plastic louver passes = op: 

20% MORE LIGHT than conventional metal louvers—saves utility man 


more lighting dollars in every installation. | 
2 A user 


se 
... mitchell module is 
today’s top lighting buy 


ways to See the proof! Get your copy 


_ of “MODULE IN ACTION” showing 

get it! ectuval installations. Here are sell- 

. ing ideas unlimited for lighting 

> : F salesmen, contractors, architects 

And MITCHELL MODULE is still the only lighting system that and utility representatives. Write 
custom-fits any installation with standard low-cost units. With for your free copy tedey. 

just 4 simple, inexpensive “building blocks of light,"” MopULE 

creates unlimited custom-fitting lighting patterns. Because 

MODULE units fit together simply (both mechanically and 

electrically) patterns can be rearranged to meet changing 

needs —at minimum cost. 


Peeeoeoeoeorereoeeseree 


MITCHELL MFG. CO. 
2525 N. Clybeurn Avenve «+ Chicage 14, iilineis 


Send tree MODULE IN ACTION brochure 


MODULE’S styling is enduring; stays beautiful, new. No ordinary 
fixtures can match mopuLE—still the only lighting system that 
delivers 20° more light and custom-fits any commercial interior at 
lowest operating cost. 


only MITCHELL makes MODULE 
MITCHELL MANUFACTURING COMPANY 


2525 N. Clybourn Avenue + Chicago 14, lilinois 
in Canada: Mitchell Mfg. Co., Ltd., 11-25 Davies Avenve, Toronto 


Firm 
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RT a ETAL gives explicit data to speed 


specification writing and installation planning for all types of 


INCANDESCENT LIGHTING 





ut ART METAL company 


CLEVELAND 3, OHIO 


Manufacturers of Engineered Incandescent Lighting 
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UNISTRUT. 


HANGERS AND FITTINGS 


- 


vr 


THE COMPLETELY MODERN METHOD of Hanging Fluorescent 
Fixtures gives you these Exclusive Advantages: 


FEWER HANGER STEMS AND CANOPIES LUUNISTRUT'S great chane 
nel strength permits wider spacing of stems—up to 15 feet apart if 
desired—for better appearing installation and obvious savings, 


PERFECT ALIGNMENT—UNISTRUT channel is rigid, strong and 
perfectly straight—gives you true alignment of fixtures. Cleang, 
ing, re-lamping, or other servicing cannot disturb this alignmen® 


COMPLETELY FLEXIBLE—Stems or rods can be installed at any 
point along UNISTRUT channel. Overcomes possible ceiling 
irregularities or obstructions. Ideal for continuous runs or inter 
mittent spacing of fixtures. 

FASTER, EASIER INSTALLATION—UNISTRUT channel and fictings 
are attached to fixtures quickly and easily at normal working 
height or at suspension level. No drilling, no welding, 100% 
adjustable. 

ADDED SAFETY—UNISTRUT assures the utmost safety of instal- 
lation because an entire row of fixtures becomes a single inte- 
grated unit—added safety obtained by no other method 

SAVES TIME AND MONEY—Reduces number of canopy and stem 
sets used, lowers wiring and rewiring costs, eliminates drilling 
and welding costs, saves planning and installation time. 
UNISTRUT APPROVED AS WIREWAY—UNISTRUT channel has 
been approved as a wireway by the department of electrical 
inspection in Chicago and 20 major cities throughout the coun’ 


WRITE TODAY FOR YOuR FREE COPY ° t sed erence! nim ga versatility and all around practical 
OF NEW 78-PAGE CATALOG 700! 


Lighting recommendations by and 
photographs courtesy of Consumers Power 
Compony, Jackson, Michigan. 


—= ee oe oe oe oe oe ee ee 
a \ | UNISTRUT PRODUCTS CO. 
Samet «0 Sumer Poteats Ponts , 1013 W. Washington Bivd., Chicago 7, Ill. Dept. (L9) 


7541908 Other Patents Pending 


Please send without obligation the items checked below: 
Representatives and Warehouse Stocks in Principal Cities (} Catalog 700 (_] Unistrut Sample 


Consult Your Telephone Directories 


UNISTRUT PRODUCTS CO. 


1013 W. Washington Bivd. Chicage 7, illinois 


Nome 





Company 





Address 
City Zone__State 














4 examples: G-E Light Conditioning program 
now underway in a BIG way! 


FEATURED AT HOME BUILDERS’ SHOW. Most of the 40,000 

people at this year’s Atlanta exhibition saw the Georgia 

Power Company's Light Conditioning demonstration 
. one of the show's outstanding attractions. 


ATTRACTED MORE THAN 12,000 VISITORS. People in the 
Metropolitan New York area flocked to see this Light 


Conditioned house in Closter, N. J. a used in- 
cluded valance lighting in living room and dining room. 


Peron 100 electric service companies have 
already begun to tie in with General Electric's 
Home Light-Conditioning Program. More and more 
lighting equipment suppliers are promoting Light- 
Conditioning. 

Nearly 2 million Light-Conditioning recipe booklets 
have been distributed. And millions of people have 


SEEN BY THOUSANDS OF CLEVELANDERS. This home, one of 
8 sponsored by the Cleveland Electric Illuminating 
Company, stayed open day and night; attracted thou- 
sands of home buyers interested in Light Conditioning. 


PRODUCED REQUESTS FOR 5000 RECIPE BOOKLETS. After seeing 
Boston Edison's model Light Conditioned living room, 
guests of the New England Home Show requested over 
5000 Light Conditioning booklets. 


been seeing and reading General Electric’s national 
advertising on Light-Conditioning. 

Shown above are four typical examples of how the 
Light-Conditioning Program is being carried on. To 
learn how you can tie in, call your G-E Lamp District 
Office, or write Lamp Division, General Electric, 
Dept. 166-IE-9, Nela Park, Cleveland 12, Ohio. 


You can put your confidence in— 


GENERAL @@ ELECTRIC 
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(Continued from page 124A) 

This book is based on a series of six 
lectures given for young people at the 
Royal 1946 
Christmas season. The author is Direc 
tor of the Vision Research Unit of the 
Medical Research Council, London. 


Institution during the 


Chapter headings include The Prop 
erties of the Spectrum, How Colours are 
Produced, Colours and Their Uses, How 
Colours are Seen, Some Illusions of 
Colour, and Some Colours with Strange 


Properties 


Recent Advances in the Physiology 
of Vision by Hamilton Hartridge, pub 
lished by The Blakiston Company, Phil 
adelphia, 1950; 413 5 x 7% inch pages, 
236 illustrations, 39 tables; $6.00. 

Each chapter of this book is complete 
description of older 


in itself with a 


work and the recent advances clearly 
presented; at the end of many chapters 
future research. 
references are cited. The 
author is of the Vision Re 
Unit at the Medical 


Institute of 


are suggestions for 
Over 300 
Director 
search Research 
Council's Ophthalmology 


and Professor of Physics at Gresham 


College, Londen. 
include basic 


Topies treated proper 


ns 


ties of vision (x-ray methods of inves 
tigating living human eyes, retinal re 
ceptors and their properties, the quan 


tum theory of light and its connection 


with vision, the duplicity theory of 


vision, pigments associated with vision, 
light and dark adaptation, limits of the 
movements, and 


visible spectrum, eye 


blinking and visual efficiency), the per 


ception of shape and size, investiga 


tions of retinal function, perception of 
color, theories of vision, neurology of 
vision, properties of structures of the 
appreciation of light and 


eye, and 


eolor. 


Colour, Dyestuffs 
Division, Imperial Chemical 
Ltd., 1950; available in the U. 8. from 
Arnold Hoffman Co., 55 Street, 
Providence, R. I.; 120 8% x 11 


free. 


published by the 


Industries 


Canal 
inch 
pages, 69 illustrations; 

This volume contains nine papers de 
fields of 


color physics and color psychology car 


scribing investigations in the 


ried out in the laboratories of the Dye 
LCI. Dyestuffs 
Division at Blackley, Manchester, Eng 
1948, 


house Department of 


land from 1940 through The pa 


pers are as follows 


White and T. 


“Colour” by G. 8. J. 


Designed to snap into any 12” ceiling opening for 
“T” Bar, acoustical celotex or plaster ceiling structures 
Five mounting methods with or without trim flange. Available 
with lens, louver or gloss shielding and diffusing 
elements and all lamp lengths and milliomp ratings. For further 
information write: Sunbeam Lighting Company, 777 East 
14th Place, Los Angeles 21, Californie 
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Vickerstaff, a broad including 
color of light source and object, color 
vision, and methods of specifying color. 

“The Physical of the 
Dyer’s System of Colour Matching” by 
T. Vickerstaff, E. Winters and G. 8. J. 


White. 


survey 


Significance 


“The Brightness of Present-day Dyes 
“The Brightness of Present-day Dyes” 
by T. Vickerstaff and “Brightness and 
Hue of Present-day Dyes in Relation to 
Colour Photography” by M. E. Clarkson 
and T. Vickerstaff, using the dyer’s term 
brightness meaning a combination of 
color and purity. 

“Investigation of the Legibility and 
Aesthetic Value of Printing 


Inks on Coloured Papers,” by T. Vicker 


Coloured 


staff and C. 8. Woolvin, ineluding a chart 
showing fourteen different colors of let 
tering each printed on ten different back 
ground colors 

“Colour Harmony,” by M. E. Clarkson, 
O. L. Davies, and T. Vickerstaff, another 
paper giving the statistical results of an 
investigation of the aesthetics of color. 

“The Estimation of Dyestuffs in Solu 


tion and on the Fibre,” by E. Waters, a 


Continued on page 40A) 





pA space requirements for functional use of let contains laboratory findings and 
methods and apparatus for the body, vision, hearing, skin sensitivity field opinions on nine results of proper 
srements and proprioception (balance and control lighting in war production plants: aceu 
aecusnew of Calasimetric Tucteu of position and movement of various racy of workmanship, less spoilage, 
Dye Strength Determinations” parts of the body), motor responses, faster seeing, greater ease of seeing, 
Davies, G. BH. Giles end 1 physiological conditions as determinants less eyestrain and fatigue, better utili 
1 statistical survey of the of efficiency, and intelligences zation of floor space, easier plant main 
obtainable by color at asuring The vision chapter (108 pages) deals tenance, improved labor conditions, 
with the basie characteristies of vision greater safety. The pamphlet is avail- 


Photoelectric Device for Recording including light concitivity as infucnced ible from the Illuminating Engineering 
by characteristics of the subject, the eve, Society, 1860 Broadway. New York 23 
ons in the Concentration of a . F nis Mee 
the stimulus and physiological factors; N. ¥ 
oured Solution” by T. B. Davenport 7 - 
brightness discrimination; visual acuity; 
depth perception; color vision; inter An Introduction to Luminescence of 
mittent stimulation; pereeption of move Solids by Humboldt W. Leverenz, pub- 


ment; factors influencing the efficiency lished by John Wiley & Sons, New York, 


Handbook of Human Engineering 
Data for Design Engineer, Technica 


Report SDC 199-1-1, prepared at Tufts 
‘ ege for the Office of Naval Rs of vision including illumination and ef 1950; 574 5% x 9 inch pages, 143 illus 
search; 364 8% x 11 inch pages in loose fects of the atmosphere on long range trations; price $12.00 
if binder; published 1949; available visibility; and finally applications of In the words of the author, “This book 
t $5.00 per copy from the Tufts Colleg visual data in predetermining the legi is designed to provide an introductory 
Bookstore, Medford, Massachusetts bility of indieators and printed material and useful description of luminescent 
volume supplies practical infor Bib legraghies in this section list 372 solids, particularly artificial (man-made 
on the practical limits of human welates sulesunens phosphors, in language comprehensible 


formance and sensitivity which should Value of Good Lighting in War Pro- 
considered in engineering design duction A Survey of Opinion from a 


to science graduates. Much of the mate 
rial is drawn from personal experience 


. n synthesizing, studying, and applyin 
in introductory section which ex Cross-Section of Ameriean Industry = Qo & idying, and applying 
. luminescent solids since 1931, that is, 
purpose of the studies and is a report issued by the Illuminating ‘ - , 
. duriz he recent era of intensive phos 
the procedures used to obtain Engineering Society during World War 4 iS We ren . : bi I » 
’ search which made asible suc 
there follow chapters on the II, which is again available from Soci pacer renee cs ae oe . : 


dimensions of the body and ety Headquarters. This 24-page book Continued on page 424) 





FULLERTON —Presenss: 
ENGINEERED LIGHTING AT ITS FINEST! 


Regardless of your customer's individual 





lighting requirements, you can be sure of 
complete illuminating efficiency when you 
take your problems to FULLERTON. A 
famous name in the design and manufac- 
ture of custom lighting fixtures for the past 
25 years, FULLERTON also manufactures 
standard fluorescent, slimline and incandes- 
cent fixtures for all commercial uses. 





S. S. Pierce Store — Chestnut Hill, Boston, Mass. 








Write for complete Catalog today! 


FULLERTON MANUFACTURING CORP. 


17 CHESTNUT STREET SOUTH NORWALK 1, CONN. 


FULL-0O-LITE — Since 1926 
THE COUNTRY OLD THROUGH RECOGNIZED JOBBERS 
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FIXTURES 


LIGHTING 


LUC, CUSTOM-MADE FLUORESCENT PANELS 


Custom Panels produced to your most exacting specifications with nominal 
tooling costs. Design, engineering and laboratory facilities at your disposal. 


SAVE SAFELY WITH SANDEE PANELS 


UNIFORM FULL THICKNESS . . elimination of dangerous overhead weight . . 
breakage reduction of 80% to 90% . . lower shipping costs (about % the 
weight of glass) . . quality that gives long term satisfaction. 


ie a 


ee a 


BOTTOM 


“> 
 * 


YX 


WHEE STANDARD FLUORESCENT PANELS 


Widths 2" to 6" .. flat or convex uniform radius . . transparent clear or 
translucent white .. light stabilized ..NO DIE COST!! Write or call for 
estimates and samples, today. 


AND 





ORLD'S LARGEST CUSTOM EXTRUDERS OF PLASTICS FOR 


SEPTEMBER 1951 
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opments as electronic tele 


oreseent lighting, radar, ele 


CODY und devices for seeing 
erwise invisible forms of energy 
ok is intended for non 
inescence, it is expected 
is text in tran 
iiding « 


und ix 


chapters, 
synthesis phos 
structures ind 
phosphors and phos 
on, storage 
by means 
unction of 
ind quenching of phos 
uminous efficiency of 
emainder of the volume 
enerTa 


properties of phos 


th seven page 


mghly technical treatment of phosphors 


in fluorescent lamps Other features in 


appendices on the preparation of 


elude 


pure zine and cadmium sulfides and zine 


selenide, proportions of impurity atoms, 


conversion tables for units, and spectral 


characteristies of luminescence; glossary ; 


750 references; and three indices——for 


mulas, proper names, and subjects 
Modern Fluorescent Lighting by A 


Dp. S. Atkinson, George 
Newnes, Ltd., 


8% inch 


published by 
Londor, 1951; 159 5% x 


pages, 64 illustrations; price 
$2.10) in 


completely 


1946 


ipprox England. 
rewrit 


Fluo 


Topies treated include 


in almost 


on of the author's 


ahtina 
devices and circuits for stand 


hot cathode British lamps and 


perating characteristics; instal 


tio lesign; performance of various 


modern types of fluorescent luminaires; 
les to the fluorescent 


gu ipplication of 
ghting equipment in factories, stores, 


chools, offices and homes all based 


the British recommended levels of 
which, for economie rea 
than 


practice in the U. 8 


imination 


lower those considered 


sons, are 
good eurrent 
“fluore scent 


rief treatments entitled 


your assurance of ACCURATE luminaire design - 
latest photometric methods at All-Brite’s own testing labs 


ORIGINATORS OF 


42.4 


versus filament lighting” and “eold 


eathode tubes”; with a final chapter on 


light, fluorescence and electric dis- 


charge. Appendices present room index 


ind coefficient of utilization tables and 


data on standard English lamps and 


iuxillary equipment. 


The author credits three sources for 


most of the 


British 


information presented: the 


Electric Lamp Manufacturers’ 


Association and the publications of the 
British and American Illuminating En 
Many of the photo 
the U. 8, 


gineering Societies 
graphs were supplied by Gen 


eral Electric Company 

Gas Discharge Lamps by J. Funke and 
P. J. Oranje, published by N. V. Philips’ 
Gloeilampenfabrieken, Neth 
288, 6 x 9% inch pages, 


110 tables and graphs, 82 photos; price 


Eindhoven, 
erlands, 1951; 


24.50 

As stated by the authors, the purpose 
of this book is to 
terms, a survey of existing types of dis 


present, in simple 
charge lamps, together with their rela 

and dis 
and prin 
described is 


tive possibilities, advantages 


advantages, characteristics 
ciples. All the 
manufactured by the 


but most of the 


equipment 
Philips Company 
discussion applies to 


0. each 





During d 


lop # steges, odv d sci iq 


ond equipment ore utilized in pretesting and checking 


All-Brite luminaire design. Results are confirmed 
by i 


di dent nati " d laboratories. 
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fivorescent fixtures of california 


FLUORESCENT WESTERN CONTEMPORARY 


san francisco 
3320. 18TH STREET 


los angeles 
613 IMPERIAL STREET 


portiand 
1318 S. W. FIRST AVE. 


LUMINAIRES 
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other lamps as well. Chapter headings 


include: gas discharge lamps, auxiliary 
apparatus, the relation between gas dis 
charge lamps and their auxiliary equip 
ment, sodium lamps, high pressure and 
super high pressure mercury vapor lamps 
with foreed cooling or very high specific 
load, low pressure tubular fluorescent 
lamps, gas discharge lamps for beacon 
ing and luminous advertising, strobo 
scopic lamps and flash tubes. The 
ume is concluded by a series of data 
sheets on Philips gaseous discharge lamps 
and a bibliography of related papers 
written by members of the Philips or 
ganization 

Dutch, French and German languags 
editions of this work were published pre 
viously. The English edition is available 
in the U.S.A. from the Elsevier Publish 
ing Co., 250 Fifth Avenue, New York 


City 


Electric Illumination Handbook No. 
7: Industrial Lighting 
the Lighting Service Bureau, 2 Savoy 


Hill, London, 1951; 68 5% x 8% inch 


published by 


pages, 28 photographs 

The objective of this British booklet 
is “to indicate the factors which should 
he taken into account in considering 
the lighting of industrial premises.” 
The fundamental design considerations, 
which compose the main part of the 
publication, are excellently presented, 
but owing to economic factors the levels 
of illumination listed are somewhat lower 
than those currently recommended in the 


United States 


ENGINEERING OPPORTUNITY 
Large Northern Pacific Coast manufacturer 
has excellent opportunity for a mechanical 
engineer familiar with lighting fixtures. Write 
complete particulars to Box 144, Publications 
Office, Iuminating Engineering Society, 1860 
Broadway. New York 23, N. ¥ 


WANTED—lesigner-engineer of fluores- 
cent and slimline fixtures. Fine creative 
craftsman looking for responsible posi- 
tion with one of the leading West Coast 
fixtures 
Briges Statior Los 


manufacturers of fluorescent 
Write Box 11561 
Angeles, Calif 


WANTED 


FIXTURE 
DESIGNER 


Experienced fluorescent and slimline fix- 
ture designer. Large Pacific Coast 
manufacturer has excellent position for 
right party. Send full information. 
Address Box 142, Publications Office, 
IWluminating Engineering Society, 1860 
Broadway, New York 23, N. Y. 
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SERVICING YOUR LIGHTS! 


GIRAFFE: I'll report this to 

the S.P.C.A.' My contract says 
I'm an entertainer, not an exten- 
sion ladder! 


ff» MAINTENANCE MAN: Now 
W don't get excited! You can go 
back to the circus after | clean 


these lights. 


Well why the $# 0% * ¢ 
don't you install THOMP.- 
SON HANGERS? Then you 
could clean these lights at 
floor level whenever neces- 
sary. 
& Thompson Hangers? 
“ Whadda they do? 
They lower overhead 
lights to floor level 
for servicing. What's 
more, they completely 
eliminate all climbing 
and electrical hazards and 
cut maintenance costs to 
a minimum! 
& S-a-a-a-a-y, that 
“ sounds terrific! Are 
they complicated .. . 
herd to operate? 


The THOMP.- 
SON HANGER is 
simplicity itself! All 


* * 


up-and-down movement is 
controlled by a chain or 
cable that’s part of the instal- 
lation, and the hanger auto- 
matically repositions itself 
when raised. The live elec- 
trical contacts stay at the top. 
It's safe and foolproof! 


4 
fy Where can we get more 
7 details on these Thomp- 
son Hangers? 


Write to The Thomp- 

son Electric Co. and ask 
for CATALOG No. 50. Ie 
will give you the complete 
story. Now slide down, chum, 
and turn me loose! 


In traveling with The Big 
Top, the giraffe bas seen 
many THOMPSON HANG- 
ER installations, and be has 
learned that in each (1) 
maintenance costs are down 
to absolute mini- 

mum, (2) lighting 

service men have 

top safety records 

and (3) all lights are 
operating at peak ef- 

ficiency to facilitate 
round-the-clock pro- 


duction operations 


Write today for your 
copy of CATALOG 
No. 50. There's no 
obligation 


CATALOG No. 50 de 
scribes THOMPSON 
HANGERS and acces 
sory items in detoi! 


4 REPOSITION 5. REPEAT 


4 


THE Tuompson | >) >) oy 59 Com ol oP 


Cleveland 14, Ohio 


1116 Power Avenue * 








QUIET MEANS 
QUALITY 


The and coil assembly of an Acme Els 


Ballast is made 


core 
to such a high standard 
cellence that normal magnetic hum 
and then further silenced thr 
Assembly is sealed in the cas« 

in heat and cold resisting compound. Nois 


operation is assured 


ACME ELECTRIC CORPORATION 
299 WATER STREET CUBA, N. Y. 





In Any of 10 Distinctive Styles . . . 


the new Alba Hi-Lite will complement the architect's finest 
interiors . . . of banks, board rooms, executive offices, spe- 
cialty shops, private clubs, restaurants, or institutions. 
For beauty of simplicity . . bent Alba-Lite—uncluttered by 
frameworks, cleared of half the usually used stems. 
For life and punch .. . ribbed opal Alba-Lite, comfortable surface 
brightnesses, above average lumens per watt. 
Surface or pendant, alone or in lines, 2- or 4-lamp 
2- 4- & or 8-foot lengths, for any lamp or ballast. 
Easy to lay out. Easy to hang. Easy to maintain. 
Write for Engineering Bulletin B-121, General Specs B-122, Indi- 
vidual Specs B-123, Performance Date B-124 Applications B-125 et seq. 


NORTHERN LIGHT 


cOMmMPAN Y 
Mitwaweee 
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Something New in Light Bulbs 


ELECTRIC 
FLOWERS 


Ionization of rare gases fash- 
ion the flowers inside of bulb 
in light in their natural gar- 
den colors! 

Bulbs fit standard socket and op- 
erate on any home electric supply 
—consumes 2 watts—long life 
Offers opportunity of many new 
fashions in home decorations and 
subdued lighting. 


Write for Catalog 


DIM 


Light 


wie POWERSTAT ea'tirnens 


A COMPLETE LINE 


TO SERVE EACH APPLICATION 


NON-INTERLOCKING TYPES 


available in manvally-operated and 
motor-driven models in capacities 
from 1,000 to 30,000 wotts. 


PACKAGED UNITS 


compact facilities in one 

cabinet for dimming con- 

trol, Offered in 6 - 1000 watt and 3, 4, 
5, 6 - 2000 watt packages. 


AEROLUX LIGHT CORP. 


653 Eleventh Ave. 


New Veok 19, N.Y. INTERLOCKING TYPES 


for large switchboord installations. 
2000 and 5000 wott assemblies can 
be mastered and grand mastered. 








POSITIONER CONTROLS 


@ remote controller providing 
miniature selector station 
operation of non-interlocking 
motor-driven POWERSTAT dimmers. 


FLUORESCENT STARTERS 
AIR-THERMAL features 


Approximately 50% longer lamp life 
—because lamps are lighted with SEND FOR 
one starting cycle COMPLETE INFORMATION 


Operate at 90-125 line volts 


Operate at O°F- 10°F re SUPERIOR ELECTRIC co. =a 


Operate on AC-DC 
other features BRISTOL CONNECTICUT 


@ Automatic cut-out (no-blink) 

: 5091 DEMERS AVENUE, BRISTOL, CONN. 
@ Automatic reset 
Please send literature on the following items of POWERSTAT 


APPROVED BY 
Light Dimming Equipment. 1 * 2 C) 3 * 4 Cj 


@ &) —— 


CO. ADDRESS 











Guaranteed for two years 
Technical literature available POSITION 


INDUSTRIAL STARTER CORP, cy ZONE___ STATE__ 
6 Pell St., New York 13, N. Y. 
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The 4th International LIGHTING EXPOSITION 
AMNOUNCES 


Dedicated to... 


MOBILIZE LIGHTING KNOWLEDGE 
TO ADVANCE AMERICA’S WELFARE 


Open To ALL: 


Electrical Contractors... Utility Lighting and 
Power Representatives... Electrical Distributors’ 
Specialists and Salesmen ... Architects and 
Consulting Engineers... Owners and Users 


of Industrial and Commercial Lighting 


THE 1952 Merit Award Competition 
affords you an important opportunity 
to help advance the nation’s lighting 
progress, and at the same time be- 
come eligible for the highest recog- 
nition the lighting industry can 
bestow. The purpose of this Merit 
Award Competition is to help mobil- 
ize lighting knowledge for a stronger 
America from the standpoint of the 
latest equipment, installation meth- 


ods, and application techniques 


Here is your opportunity to demon- 
strate the importance and advantages 
of planned lighting to the nation’s 
welfare and at the same time to gain 


nation-wide recognition for your 


accomplishment. 


MERIT AWARD COMMITTEE 
4th INTERNATIONAL LIGHTING 
EXPOSITION and CONFERENCE 
Room 818, 326 West Medison Street 
Chicage 6, Illinois 


At no cost or obligation to me, please 
send entry blank, rules and complete 
details of the 4th International Lighting 
Exposition Merit Award Competition 


46A 


FIVE Separate Competitions 
—with opportunity for joint entries—one for 
each of the following groups 
1. Electrical Contractors 
2. Utility Lighting and Power 
Representatives 
3. Electrical Distributors’ Specialists and 
Selesmen 
4. Architects and Consulting Engineers 
5. Owners and Users of Industrial and 
Commercial Lighting 


Judging will be intra-group—that is, an 
entry by an electrical contractor will compete 
with only those of other electrical contrac- 
tors. When the installation is the cooperative 
work of men in two or more of the above 
classifications, the entries may be submitted 
as a joint entry and entered in one or more 
of the applicable classifications 


Only installations made between July 1, 1950 
and December 31, 1951 are eligible for 
awards 


Gold Seal Cash and Merit Awards 

From the entries received the judges will 
select those which, in the opinion of the 
judges, are entitled to receive Merit Award 
Certihcates. In addition, the judges will 
select the entries judged best in each classi- 
fication which will receive Gold Seal Merit 


CONTEST DEADLINE—JANUARY 31, 1952 


Send for your application and rules book todeay—mail this 


coupon. 


NAME 


Awards of $100 each. Only five Gold Seal 
Awards will be given for any one class of 
installation 


Awards to be given at 4th 
international Lighting Exposition 
and Conference 

Sponsored by the Industrial and Commercial 
Lighting Equipment Section of Nema. Win- 
ning entries will be exhibited at the Exposi- 
tion in the Cleveland Auditorium, Cleveland, 
Ohio, May 6-9, 1952. In the event conditions 
make it necessary to cancel or postpone the 
Exposition, no awards will be made. 


Send For Official Entry Blank 
and Rule Book. It's casier than ever to 
enter this year's competition. You don’t have 
to be a lighting engineer to compete. Send 
coupon today for official rules Pook and 
helpful suggestions on how to win. 


4th INTERNATIONAL LIGHTING 
EXPOSITION AND CONFERENCE 
sponsored by INDUSTRIAL AND COMMERCIAL 
LIGHTING EQUIPMENT SECTION 

of the National Electrical 

Manufacturers Association. 


= 
+ May 6-9 1952 
CLEVELAND AUDITORIUM 
Cleveland, Ohie 





ADORESS 





city 





STATE 
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why accept less / 


BALLASTS 


assure a full |]00% | life for fluorescent tubes! 





> eee 


Tests show that fluorescent lamps last longer when 
used with a CERTIFIED BALLAST than when 


connected with an improperly designed ballast. 


CERTIFIED BALLASTS assure rated light output, quiet 
operation and long, satisfactory service. There's a 
reason for this. It is... CERTIFIED BALLASTS are 
made to precise specifications, then tested, checked 
and certified by Electrical Testing Laboratories, Inc. 

® Complete information on the types of CERTIFIED 

BALLASTS available from each participating manufacturer 


may be obtained from Electrical Testing Laboratories, Inc., 
East End Avenue at 79th Street, New York, New York. 





Participation in the CERTIFIED BALLAST program is 
CERTIFIED : open to any manufacturer who complies with the requirements 


2 of CERTIFIED BALLAST MANUFACTURERS. 
ay “fATIFIED BALLAST MANUFACTURERS 
Makers of Certified Ballasts for Fluorescent Lighting 


2116 KEITH BLDG., CLEVELAND 15, OH!O 








When it comes to 


4B / 
AJ 
fluorescent lamp 


. weet S 
Dee 


anal 


| a 
brands here’ the 


brand of q alit 

j 

All fluorescent lamps look alike. But all do 
not light alike, or last alike. Westinghouse 
fluorescent lamps are unsurpassed in giving 
long-life, top-quality performance. This 
long-time service means savings in lamp 
replacements and lamp replacement time. 
So, whether you’re lighting a roundhouse 


or ranch house, specify Westinghouse; 
there’s no better value for your money. 


you can BE SURE...1F ITS Westinghouse 


Ano 
Lamp Division, 
Currycomb . 
| Westinghouse Electric Corp. 
Qeaste F Bloomfield, N. J 
Seven Up ; Send me more information on how I can save with 


a Westinghouse fluorescent lamps. 
Turkes -track + NAMI 
COMPANY 
STREET 


cry 





